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THE USE OF BEVELED DISCOIDALS IN 
NORTHERN GEORGIA 

WILLIAM B CX)fBURN 

T his paper has to do with a method of l>owhng, practiced by 
the Cherokee Indians, m which the beveled discoidal had a very 
definite use previously unknown to, or at least unrecordtd by, any 
anthropologist or historian 

During the first three months of 1932 I directed the partial ex- 
cavation of a mound Located on J J Greenwood's farm about one 
half of a mile northeast of Dillard in Georgia and one quarter of a 
mile east of the mam highway between Frankhn, North Carolina, 
and Clayton, Georgia The mound was oval, roughly one hundred 
and thirty feet long by one hundred feet wide, with its long axis 
running nearly due north and south (Fig 1) 

My preparatory work, after clearing the mound of the brambles 
and cornstalks (see PI I, Fig 1), was to choose, arbitranly, a center 
of the mound, which I marked by a post, and from that point, with 
the efficient aid of Mr Milky, a government surveyor from Frankhn, 
to survey the mound and its unmediate surroundings I had learned 
from the owner that for at least three generations the plowing done 
each year over the mound had been from north to south, and so I 
decided to mclude m my excavation the fifty-foot stnp lying due 
south of the mound proper, m order to recover any sherds or arti- 
facts dragged down by the plows I therefore enclosed the mound 
in a rectangle one hundred and mnety feet long by one hundred and 
thirty-five wide, with posts driven into the ground at five-foot in- 
tervals, and with the northern and eastern lines only ten feet distant 
from the mound, as indicated m the floor plan (Fig 1) 

A preparatory trench five feet wide was then dug along the 
southern side of the rectangle, to a depth of two or three inches 
Mow the undisturbed earth, at the eastern end of the trench the 
required depth proved to be throe feet and at the western end shghtly 
over five feet Owing to the absence of sherds and charcoal in either 
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Use of Beveled DtsroidaJs 

end of this test trench, it was decided to continue the excavation 
toward the mound on a sixty-foot front, thirty feet to either side 
of the center or zero line Ourmg the excavation of the first two 
five-foot strips along this sixty-f o<)t fiont fourteen discoidals were 
uncovered, two in the first and tw<ho in the setond Some are 
illustrated m Plate I, Figure i 

When the south 100-foot profih xsall had bctii shavid back a 
distance of two feet, a line of field rocks was cik ouutercd between 
east 20 and 30 on profile line south 98 At tlu ^lamt U vtl, an average 
of three feet below the surface, a stratum of hard-baktd clay ex- 
tended about twenty feet to the wist from the western lud of the 
row of field stones As the work of uni ov< ring these features pro 
grossed, we discovered that the stonis wen arranged in three def- 
inite sinuiar groups or patterns of four open squares, three with 
their open suUs at right angles to the clay runways or alliys, and 
a tsinalltr ont directly facing the Uft-hand side of these runways 

The baked-clay floors were perfectly level and about two feet 
SIX inches in width, each strip uncovered as we worked north was 
about three inches higher than the one south of it Opposite the 
openings to the three large squares rough-hewn or split sections of 
tree trunks had btin embedded in the earth, evidently to hold in 
place the row of field rocks forming the back of the sipiare of the 
next alley above, as well as serving as fenders Ihese extended ap- 
proximately two fiet to the west of the field rocks, and each ter- 
minated at a large rock forming the left-hand uppir cornerstone 
of the small square m each alley All these features are portrayed 
m Figure 2 

During the excavation of the remainder of the two five-foot strips 
in whuh these alleys were uncovered ekven more discoidals were 
found, and latir seven others were unearthed in the five-foot strip 
to the north Li all, thirty-two discoidals wen found in the imme- 
diate vicmity of these alleys, all lying upon the original humus lint , 
seventeen, or more than half of them, were of the hoveled type 
which, when bowled or rolled with the larger diameter to the left, 
would, upon loss of momentum, naturally curve to the right in the 
same manner in which the lawn-bowling ball of our day curves to 
whichever side is weighted The Cherokee Indians made these dis- 
coidaJs with a beveled edge so that they might be curved into the 
hollow squares opening at nght angles to these alleys This form 
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The eaatern end of the bowiinjE alleys 



line of Bevded Di^cotdah 


of bowling rruiflt have been known to and been practiced by the 
whole Cherokee nation, because discoidals of this type have been 
found commonly tliroughout their former domain 

Durmg Iht last ten years we have obtained from t herokec ter- 
ritory for the ( herokee collec turn of Burnham S C olburn at Bilt- 
more Forest, North Carolina, over two hundnd discoidals of all 
types These wc have classified into four main divisions first, bar- 
rel, second, doubly concave , third, beveled, ami fourth, the straight 
or common \anety Pht first of these, tlu barrel typo, named 
from its resemblance to a liarrel, is by far the rarest, there are 
only five in the Biltmorc Forest collection It probably was not 
used for bowling, since many of them arc too large and too ht avy 
to be handled tasily The secoml typ< , which is the most beauti- 
fully finished, IS rarely found in other than perfect eoiidition and 
so 18 regarded as “ceremonial “ Ihe last two types, howtvfr, vre 
more often c hipped or nu k< d at the edgea than in p( rfect shape, 
which leads to believe tliat they were ust d in their various gaims 
and that the beveled discoidal was esp< daily made for use on alleys 
such as those uncovered at the Greenwood mound 

One of thf interesting finds madf' dose to the bowling alley was 
a discoidal of the bevtled-edgo type, from which one large piece 
had been chipped off This fragment was discovired three days 
later at a pomt some fifteen feet away Upon being placed in posi- 
tion on the original stone it showed clearly that, after the chipping 
off of the piece, the discoidal had Ixeii reworked by its owner Also 
several discoidals were made of mica schist These, of course, were 
very roughly finished, but were interesting bttause of the sparkle 
of the mien 

Before the bowhng alleys, and especially the field rocks, had been 
completely uncovi red and prepared for photographing a cloudburst 
caught us unaware After the deluge wo found that thi symmetry 
of the squares had been largdy destroyed, but, fortunatdy, I had 
drawn a sketch as the excavation progresstd, and the photograph 
taken after the storm still gives an idea of the arrangimcnt of the 
field stones and shows at least one of the decayed wooden borders 

(PI I, Fig 2) 

In Amenean archaeology there are a great many artifacts of the 
Indians still classed as “problematicals," owing to the fact that we 
do not defimtely know to what use they wore put Tlua is primarily 
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due to the lack of auy written history by these early Amencans and 
to the rapidity with which they lost their own arts and adopted 
those of the white man upon contact with liiin 

Only through the good fortune of finding evidenct , such as these 
bowling alleys at the Greenwood mound, is it possible for archae- 
ologists to reconstruct the life and habits of the Indians prior to the 
coming of the white man In this case the evidence was undisturbed 
owing to two facts first, the Indians had tvidtntly covered up 
these alleys before undertaking some expedition or temporary mi- 
gration fiom which they expected to return, and, second, the ownere 
of the land had plowed over the mound year after year from north 
to south, burving deeper and protecting more surely this prehistoric 
playground 

CrANBHOOK InSTITUTK of SciRNCF 

Bloomfibid Hili h, Michiqan 
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PREHISTORIC STORAGE PITS IN SAGINAW 
COUNTY, MICHIGAN 


IRFD DUSTIN 

AMONG the interest iug remains of the American Indian mcn- 
xTL tioned or described by early writers we find storage pits, 
usually spoken of locally as “corn pits ” Though the latU r designa- 
tion IS quik applicable, torn was only one of several foodstuffs 
thus stored 

In our own btafcc of Michigan these evidences of pn historic 
life and culture were nimierous, and perhaps no county in the state 
had more of them than Saginaw, for its rich bottom lands wore 
idial for the cultivation of corn, whik the sandy knolls and ridgts 
that abounded affordtd the situations best adapted to underground 
storage as practiced by the aborigines Saginaw County was a popu- 
lous center,^ and early sc tilers and local historians have frequently 
noted large cornfields, in fact, the former often planted their first 
crops on land cleared perhaps hundreds of years before a white 
man saw this continent Ihe plow of the sfttkr soon left its fur- 
rows on this chared land, but the storage pits, usually located on 
light, poor soil, often escaped cultivation for years, and in this 
manner a fiw of these relics have survived destruction It is such 
a group, possibly the only om lift undostroyed m this counLy, which 
I have surveyed and platted and which I shall describe It is lo- 
cated in the northeast (piarter of the southwest quarter of Sec- 
tion 29, l^rankeninuth Township, forty rods south of the Cass 
River, which bisects the section (see Map 1) A fraction of this 
quarter-quarter section lies north of the river Of the major por- 
tion south of the stream only a narrow strip on its western border 
has ever been cleared, although the greater part was lumbered 
many years ago, it was allowed to become forested again and is 
now covered by a mixed growth of hardwood, with a considerable 

* Duetm, Fred, “Some Ancient Indian Village Sites in Saginaw County, 
Michigan/* Pap A/tcA Acad Sc% , ArUand Letters^ 12 (1029) 77 1980 
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number of small pm^J^ and a ftw larger ones Ihe original stand, 
which was mainly piru of good size and quality, formtKl l>eautiful 
groMs on the higher grounds and n\er bluffs, ideal situations for 
aboriginal camps and Milages, a fact attested by nuinljers of arti- 
facts, poUt ry remains, and other relics of primitive days collected 
from seveial sites in the near vicinity 

On the eastern edge of the cleared land bordering this wooded 
tiact i sand knoll uses abruptly fiom a little run (PI II, tig 1) 



Map 1 T otiUioii of HtoniRo pits (indHatnd by <lotH) in Section 29, f lankcnmuth 
lowiiwhip baguiaw (. ounty MuluKHn (see also Miip 2) 


Near the crest of this elevation a stump fence divides the cleared 
land from the woods CVossing this fence from the westward, we 
find ourselves thirty or thirty-five feet above normal low water 
m the river, and twenty feet above the bottom land northward 
Tile little hill we have tlimbed is the terminus of a narrow ridge 
extendmg noitheast and southwest, at its foot on the left is an 
intermittent pond two or three acres m extent, once a favored 
haunt of wild ducks and other waterfowl One hundred feet east 
of the fence is the pit marked “ 1 ” on the plat (Map 2), with pit 2 
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a few feet north Near thtse two pjts; aided by iny assistant, Mr 
Ralph Strocbel of Saginaw, f ran a lint north and bouth by tom- 
paas, from which measurt mt nt« were made with pit 1 as an initial 
ptiint 

Por four or five hundred fett northeast the ndgt at its base 
IS about two bundled feet wide and is composed of >cIIow sand 



Map Z (he storaRn pits Hhnwti on and hIouk thn rulKP on Map I f ightv feet 
to the uurthtaHi of pit is anoihrr piomimnt pit *^4 (not inHnated on the 
map), one hundred fwt east of it are two others, "ifi and 36 face Map 1) 


Many woodchuck holes, both occupied and abandomd, with one 
hole freshlv dug, showing a badgir's tracks in the soil, were seen 
at the timi of my 8ur\ey, April 29, 1934 A pioneer settler who 
hunted and trapped hereabouts for forty years or more has told 
me he could usually find the tenement of a badger on this ridge 
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or near it In studving the pits can should be used not to con- 
fuse the funnel-shaped depressions formed by the sand settling 
around the mouths of thtse abandoned animal burrows with those 
made by human hands 

Nearly all the storage pits are found along the fiat crest of the 
ndge, most of them in two groups, with four scattered between 
and others to right and left Pits numbered 1, 2, 6, 7, 8, 9, 10, 
11, 12, 13, and 15 form tfu westerly group, those numbered 20, 
21, 22, 23, 25, 26, 27, 28, 10, 31, 32, and 33, the easterly About 
eighty feet northeast of pit 33 is another prominent pit, numbered 
34, and a hundred feet farther in the same direction are two others, 
numbered 35 and 36 These last Ihiee arc not slio wn on the plat, 
but, including them, there are, on a space sixty fet t by three hundred 
feet, thirty-Bix attributable to the Indians, with a possibility of 
several more, for when they were questionable, I gave the benefit 
of the. doubt to badger or wocmI chuck The re arc also twe) eir three 
“blowdowns,” hollows in the sod, usually with a gra\chke mound 
on one side, caused by roots ejf trees lifting the earth as they were 
overturned by the wuid In time, the decaying of trunks and 
roots left the hollows and mounds 

Ihe Indian pits are shallow, the deepest are not over three 
feet after the leaves and the rubbish have been removed, for the 
sand has ca\(*d m and nearly filled the original excaiations They 
are circular m outiuu , although sonu have been marred by lumber- 
ing operations, as w< 11 as inodifitd by natural causes and the tread- 
ing feet of men and beasts Mr Slroebel removi d leaves and 
d6bns from one or two, and 1 secured a fair picture of a typical 
depression, also a stcond photograph of it with Mr Stroebel stand- 
ing m it (PI II, Fig 2) Ihis pit IS about two feet deep, but it is 
not possible to indicate depth with accuracy in such a view, so 
that it appears to be much shallower 

Owmg to lack of time, we did not attempt to excavate any 
of the pits if they arc of the usual type, their depth would be 
five or six feet, and probably fragments of the bark linings would 
remain, with a possibility of securing some relic of stone, bone, 
or copper, for such articles were sometimes stored in these pits 
with other belongings 

On rising ground five hundred feet west of these corn pits I 
collected artifacts and potsherds from a small prehistoric 'Ullage 



1>I\1I H 



I m 2 (.)»( tin *(t(naK( pits (No 10 is sliowii on Vlnp 2) 
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site, which 13 reaUy the continuation of a larger one extending 
to this point from the southwest, and designated *'Dead Creek 
Village,” * formerly a very good collecting ground Another in- 
teresting feature is a remnant of the old Indian trail on the ridge 
where the pits are located In Plate II, higure 1, at a third of the 
distance from the left, may be sten a small, forked, light-colored 
tree against a background of pines A person who is walking up 
the river, either with purpose or aimlessly, naturally takes the 
easiest route, and therefore enters the woods near the forked tree 
After tra\eising a hundred feet, he may realize that he has in- 
voluntarily followed the footsteps of the red man and is walk- 
ing in his ancient path In winter when the ground is covert d 
with snow, or at a certain time m the spring, traces of this old trail 
are very perceptible, but with the abundance of summer vegetation 
It IS hardly noticeable It ascends gradually to the crest of the ndge, 
where it is lost, but if we continue our journey northeastward, we 
come to a run separating the storage pit ridge from another which 
terminates ahead of us in a long, pointed hogback,” with its 
extremity toward the west The Indian trail crossid the run and 
followed up the hogback to higher ground beyond 

I have often traveled over this ground m the last twenty years, 
and have unconsciously followed the route of the primitive man 
who came before me, although my interest m the pits usually led 
me directly to the crest of the ndge In the springtime a few years 
ago, while searching for the rare green-flowered triihum for a friend 
at the University of Michigan, I noted the faint old trail, some five 
feet below the summit of the ndge on its northei ly side, and followed 
it each way until it was lost on the knoll or at the edge of the cleared 
field 

My attention was called to these storage pits m 1916 by Mr 
Frank Satchell of Frankenmuth Township, who was the trapper and 
hunter mentioned on a previous page To him and to Mr Stroebel, 
who assisted me m the survty, I owe my thanks for information 
and help, and to Mr John Kueffner for permission to enter upon 
his lands in doing the work 

Saginaw, Michigan 


* See article cited in note I 




FOLKLORE FROM THE HILLS OF SCHOHARIE 
C^OUNTY, NEW YORK STATE 

EMLIYN E GARDNER 

D uring Iht sumnKrs of 1912 18 I rolUittd from tho lips of 
folk luing within an area about ten hhIls square m the hills 
of thi southfrn part of Schoharie ( ounty, New York Slate, such 
traditional legi uds, talc s, songs, game s, riddle s, beliefs, and customs 
/IS came to me through casual contacts ind association In 1939 
the collection, while not in any sc list exhaustne, appeared to he 
sufficiently representative to warrant a cornparativ c study of it 1 he 
first step tfiward this consisted of a re\itw of the history of the re- 
gion in which the collection had been made that it might become 
evident what external events, what economie changes, what local 
personalities had been instrumental in bringing about such vana- 
tions as might exist in Schoharie versions of European folklore and 
m producing any new or original folklore which the eollcclion might 
t on tain 

1 he histone al surve y re vealed that my informants we re desre ud- 
ants of German Palatines and of Dutch, English, Welsh, Freueh, 
heoteh-lnsh, and Insh immigrants During the eighteenth century 
these people settled m the fertile valley of the Sehohaue River, 
which they bought from the Indians who owned it ^ All the new 
settlers, except a few Negro slaves owned by the Dutch, were strongly 
Protestant in faith and dernocratie m spirit* And these qualities 
are prominent in those of their dcHcendants whom natural and 
social faeUirs have driven to the hills surrounding the nch faiin 
land of the Bchohanc Valley whith their ancestors owned and tilled 
Here, almost entirely lut off from metropolitan niaikcts by reason 

* Cobb, Suufurd H , The Mory of the Palaltnee (New York, 1897), pp 59 102, 
Jephtha, R , fitslory of Schohane County and Border Wars of New York 
(Albany, 1845) pp 23-24, 31-34, 37 40. 54-55 

• Turner, EreMlenok J , The Stgntjicance of Sacltorw »n American Hutory {"Sevt 
York, 1932), pp 12, 293 
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of bad country roads and the distance to a raihoad, tluy oontiive 
to wrest a 8<anty In mg from tlu poor limcslouf soil wink they in- 
differently follow tht folkways of thiir ainistors 

After a rtvu w of historu il sources tin rt followid a study of the 
folklore of those huiopian countries nprcsuitid by the < ighteenth- 
century Schoharn imnugriiits and a s1u<ly of folklore which had 
been collected dstwlurt m the United Stiiti*', partu iilaily among 
the PennsyKania CJerrniuis, the New hnglandtrs, the wliiti moun- 
taineers of the soutluin Appalai hians, and the Negnx s of tht South, 
all of whom art closdy related histoiKally to tlu Sthtihant infor- 
mants* Tluse comparatnc stmius show that in a lariod coytnng 
ai)prt)Ximatdy two hundred ytars, within a small ana where a great 
deal of traditumal loic is still (urnnt, vtry little new lore lus ap- 
pt ared 

That httk, m keeping with tht theor> of oiu st hool of folklorists, 
IS gtographical and historu al m diarutti I' or txampk, there an 
no Sehohane Indian folk tabs or myths whuh ha^e not been tol- 
lected elsewhere in idtntual form But then an many phur names 
which commt morate tlu rtd mins oerupatiou of tlu Sehohane 
Valley One of these, Sehoharu , which is said to signify “dnft- 
wood,” ^ IS the nanu of a eounty, a town, a village, a rner, and 
a tribe of refugee Indians which derived its name fnmi the iiyer 
The Dutch end the (icrinan immigrants wen also responsible for 
many place names One of them is Feghtherg, whuh, translated, 
IS Fight Hill,” an appropriate name for a hill where it ih Miid that 
a fight took place among the numbers of the fiist company of 
white settlers enteiing tlu \alky® An doepu nt memorial of these 
same Germans, who, in their trek oyer the mountain from the Hud- 
son River \alky, stopped at a small ercek for their first Sunday 
hath m their new home, is found m the suggestive name of that 
creek, Lousekill ihe fiist put of the name which was given by 
the Pnglish, is self^xplaiuitorj , tlu stcond part, ktllf is a seven- 
Iccnth-century Hollanei-Duteh word which meant “connecting chan- 
nel ” ® But m Sehohane County the word is m common use as a 

* See note 2 

^ Simms, op cit pi» 22-23, KiiUcnlwr, M “Indian Geographical 
Names ' Proceedings of the New } ork State Historical IssmaUen, VI 207 208 

‘ Simms op cit p 46 

* Reynolds, W, CoUeclions of //it Dutchess ( ouniy Historical Soexeipt 
1(1924) 71 
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name for small streams, as W(stkill, Mimkill, Manorkill, Lmokill, 
and so on 

Many tail talcs art rrlatul of one Timothy Mnrphy, a tonRh, 
racy, and (nulo Sdiohanc pionetr, ^^ho achieved fame chinnR th< 
American Revolution for his ability to outwit the Indians who 
fought on the side of the British and who considered Mur])hy tin 
Dt V il hunstU ^ His rc putat am for hav ing killed foi t y Inch ms single - 
handed places hun in the tradition of Davy Crockett, '(lamecoek 
of the Tennessee ( ane brakes,” LittU Kit ( arson, Wild Bill Hickock, 
and Mike Fink hevera! local chflfs and caves have furnished the 
picture srpie background for Fiinothj Murphy's e xploits But most 
ot the talcs are localized versions eif the deeds of other heroes from 
King David, whose life, like that cjf Tim Murjiliy, w is saved by 
a spiders well,** to ‘Mhc Biggest liar in the We>rld,” who, like Miii- 
phy, nurae uhnisly dug himself out of a roe k into which he h id sunk 
to his armpits “ 

Ihere arc tlircc crude local ballads iclnlmg to tlie outwitting of 
sheriffs during the Anti Rent War of the lO’s,*^' when the folk wiio 
lived 0 1 Blenheim Hill in Schoharie County refused to pay oven 
nominal rent to descendants of old Dutch anel iMiglish patroems 
who had received grants of land from their icspcctivc crowns^* 
lluic are also sinntcd Ktories of Robin Ileieal flavor which relate 
the half humorous, half-hcrou, but wholl> successful, forms of n- 
Mistanee which the Se hohane tenantry set up against the sciems of 
the law who were sent to collect rent during this same period^’ 
Obviously, the Blenheim HiH folk did not intend, if they could 
help it liy cxereiHing their wits, to submit to the henvy taxation 
whieh had diuen their grandparents from their native Jniropcan 
homelanels'^ There is one exceedingly crude ballad relating to 

’ Ia/c aTKi Aeit»pn/urti of Ttmothy \fvrphij (the Muldlcbeirg Cm/etto, 
MKleUchurg New \ork, n d ) 

* Hendwruon WiUiaxn on (fu FoiAlon of the \orthern ( ountica of hng- 

lanH and (he Bordein cF oiidnn, 1879) p 

® fiolklort^ 4 189 

Cheyn^j h P , 7/ec Anit Feni Afftialton in the ^tate of Niw ) ork, 

184h, Puhlicutione of the Tniversitv of Pennsylvtiiua, Pohtieal Economy and 
Public La « Series No 2 (Philadelphia 1887) 

** McMastcr John IWh, A IMory of the Peopk %n the United States from 
the Hepolulion to the ( uni War (New >ork, 1918) VI 520 521 

Mayham Albert The Anli Rent War on Blenheim IIiU (Jeffejraon New 
York 1906) p 34 

For references aee note 1 
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the )nf( rniH ranee of an (arly day-<^ohaol and sinKmg-s< liool mas- 
ter v^huh, according to factual history, i\ould have Imhii appli- 
cable to other early German and Diiteh schooImaHtcrs m Schoharie 
C ounty 

All these \ulgar songs and stories of local C)rigm art common- 
place in material and wtak m structure It \\()uld seem that the 
eccentric old circuit ruler, Lorenzo Dow, whose name is known on 
two continents and who at one period is said to have included 
Schoharie C ounty m his circuit, might have bet n responsiblt for 
some original stones But of the two which aie related of him, 
one, entithd Raising the Devil,” is a vt rsion of an old incduvul 
Latin tah , the other is an tpisode whith is embodied m ‘ The 
Arkansaw Tra\eller ” ’’ 

'J hat the number of informants who contributed to flu t ollct turn 
OIK hundred and forty-thn t itt ms pertaining to wife lu raft was large 
is evuhnee that faith in witdus and their aotivitus still lingered in 
the Schohane region in 1912 18 Jhis is not surprising m the light 
of the tragedies recently enacted in the name of witchcraft m York 
(ounty, Pennsylvania, where the people are historically related to 
those of Schohane County He search shows that all the witch- 
craft items collected from the Schohane inform mis arc localized 
forms of similar Furopcan matter which, by reason of its wide dis- 
semination in Lurope throughout the eighteenth century, must have 
been familiar to the Schohane immigrants of that period^* The 
few stones pertaining to ghosts eemtain the usual formulas of bang- 
ing doors, lights, balls of fire, rappmgs, and tlic striking of a long- 
Gooftwin, Maude W Dutch ami Fnglinh on the Hudson (New Hnven 1919) 

p 94 

** Sellers, Charles Lolemun, Loremo Dou Thr Binrer of iht H ord (New 
Vork, 1928) 

lllndi, T Proben (Ur Uiteinuchen NovfUidtk dea MittelnltfTe{\iOipzi}C lOOfi) 
p 200 No ii8, cited from ftie tine <le Ikmihon, T t Coy de In Man ho Anecfiotat 
htatorujues, legendr^ el apologtu^ d PUenne de Bourbon (Pans 1877) 

Shoemaker Henry W , Mountain Atinatnlaif of Penntiylvanta (Phila- 
delphia IQdl) p 252 

tor an account of a state wide investigation of witf heraft and other forms 
of the black art intrcKtuccd into southeastern Pennsylvania by e>tarly (lorman 
settlers and prat tic ed in 1928 by hundreds of York County peiople who were 
descendants of these Germans see 7 At New York Times December 1 1928 

Many sources were used, but two of those most helpful were the following 
Kittredge, George I yman Witchcraft in Old and New Knglami (Harvard Uni 
versity Press ( nmbridge, 1929) fmmm Iutot>, 7’tiidonH: Mythology^ translated 
byJ S St»ll> brass ( I ondon ) 889 88) 4 vols 
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silent riock Talcs of haunted Iiouses havt lost all vitality except 
the little which remains in mysterious lights and ghostly footstci>s 
Ihe twenty more or loss (oherent folk tales collected seem a 
goodly survival until it is noted that only five informants narrated 
tales, and that one of the five contnbuttd fourteen of the twenty 
Among the talcs an one animal tale, a cpiaint version of the “ Ihrce 
Pigs/* and one giant story of the Pi rsc us type ■** 1 hn ( of the 

talcs belong to the Bluebeard eyrie,** two to the Cupid and Psyche 
eycle*^ lumr fall under the C indcrella type/* two under the Little 
l^airly tyfM,** two under the Grateful Dead tyjK,*^ three under the 
Noodle type ** One is a story derived from an hngUsh ballad ** All, 
with tin exception of the ballad story, are versions of tales in the col- 
ic i tion of the Brothe rs Grimm, of whn h < xcellcnt comparative studies 
have been made by Holte and PoUvka in tin ir monumental four- 
vohum work, Anmeikungm zu den Kinder-^ imd Ilausminhen der 
Snukr Gnmin 1 ight of the bchoharie talca are most close ly vnalo- 
gous to Gorman versions of similar tales, three to Lnglish variations 
e^f German versions, two are hybrid tales m which some elements 
me>st closely resemble German and others Irish ve isions of the tales 
One runs dose to a hreruh and a Gypsy version of a Gnmm tale 

” Kymour St John D , and Ncligan, Harry I , 7 rue Imh Ofn>gt 6Umes 
(London HI 14) 

{see Aame Aniii The Types of the Folk^Talc A CUustficalion and 
ography (translated and enlarged by Slith Thompson), Fh Communicationjt No 74t 
type 124, Bolto-PoUvka, Antnerkungen zu den Ktruler- und HausToArchen der 
Brudet Grtmm, Vol I No 5 The feirmer work is hereafter citcKi as * Aarne- 
Ihompson 

“ See Aarnc Thompsein op cii , type 300, Bolte PoHvka, op cit , I, No 60 
” See \arne Thomi>son, op ct( , types 311, 966, 960H, Bolte- PoHvka, op nl , 

I Nos 40 4t> 

** Sus Aarne-Thompson, op at type 425, Bolte PoHvka op at , I No 88 
“ See Aame-Thorapson, op enl , tyi»e8 480, 610, 000, Bolte-PoHvka, op at 
I, Nos 21, 24 62, 11, No 65, Marian R Cox Cinderella (lAiudon, 1893) 

“ See Aarne Thompson, op cit types n35, 1537, Uoltc-PoHvka, op at , 

II No hi, William A C louston, Little 1* airly, ' Popular Tales arul Fictions^ 
II 229-288 

See Aame-'l hompson, op at , types 326, 669, Bolte-PoHvka, op c»e, I, 
Nos 4 64, III, No 200 

” See Aarne-Thompson, op at lyijcs 1246 128(), 1384, 1415, 1150 1476, 
Bolte PoHvka, op at , I, Nos 32, 34, II Nos 83, 104, III, No 139 

*“ See * Crafty Kate of Colchester ’ 7 fte Roxburgh^ Ballads edited by J W 
Ebsworth, VllI (Hertford) 430-431 

*“ See Oroome, Francis H , ‘ The Bngands and the Miller s Daughter,' 
Gypsy Folk Tales (London, 1899), pp 168-176, Cosqum, Emmanuel O , “La Idle 
Du Meunier, ’ Conl« de Lorratne, 2 vols (Pans 1887), I 178-186 
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But the feohohane “Cmchrclla" is a baffling liybruj, which is little 
more than a skeleton (oinpostd of chiiunts fiom Finnish, Norsi , 
Danish, Irish, Scotch, SpuiUHh, I reach, and Italian versions of Cin- 
derella 

When compared with Iniropean ^erslons of the same tales, Scho- 
harie talcs show marked thinness and incohorenec iwo of them 
have retained only eine of the se\cral motifs in the most close ly anal- 
ogous ] ei rope an version The weakness in form, the crude localiza- 
tions, and the v ulgar vtrn uular which prevail in the Schcdianc forms 
of tradihonal iuiopcan talcs show that in place of development 
the re arc only the change s hremght about by decay iiid ckgradation 

Having originally gone to the Scliohuru hills in 1912 to gnther 
old tiaditiuuil bail ids, m my fine survivals of whieh were at that 
tunc In mg collected in the semthern Appalachians from singers of 
the same racial stock and history is Schoharie folk, 1 was surpnsr^d 
to be able to find only twentv-nine traditional songs in iddition to 
the four veiy crude local ones to which I have already referred 
One is a variant of ‘ lom Bolin, which first ajipeared m Thr Com- 
playnt of Siotlafui (1549)*® Jwo, “Ihc Dumb Wife and " The 
Jolly J lire she rniaii, ’ are slight \ irutienis eif sc vc nteenth-cc ntury 
ballads*'* All the other songs and billads which 1 found arc in- 
cluded in eollec turns from the eighteenth to the Ivte imuteenth 
century Ihirtecn 1 nglish senigs we re e emtribute el b> euu age <1 infor- 
mant, who in her younger days had been i leual singing teacher 
Internal evidence indicates that five c)f the songs are Irish And 
two lullibies arc slight corruptions of (Jerman and 1 nghsh onginals 
riu fasemating folk history of Jephtha Simms, which contains most 
of what IS known of tlie early history of Schohanc County, men- 
tions wrestling, dancing, various kincls of games, and dnnking as 
favorite diversions of tlie cail> settlers, but ballad smgmg, if there 
was any, goes without eomrnent 

Iht fifty tight games collected leave no doubt as to the popu- 
larity of that form of amuse raent, although every one of them is a 
form of Home game found in eollce turns of Furopean and American 

"> Cox, op at No« 4 t) 15 10, 17 2C, ao 31, 3S 36 37, 38, 42, 40, 47 

54, 67, 50 91 100 151 203 

Baring CfOiiJd Sahme>, Sheppaul H I , and Burnell, F W , Songs of the 
IFcal (Fifth edition in oim volume I/ondon 1917) pp 13 84 86 

Roxhurghe CoUtcUon 11 112, K ittt edge Cieejrge Lyman, 7 /us Journal 
of Arntr%mn hoik lore 30 353 155 
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games** The abseiut of new ganus in a locality when traeJitumal 
OIKS arc so jKipnlar that they an played not only by ehildrcn but 
also i)y adults is eloqutut testimemy of poverty of invention anel of 
toughness of traditum 

llu one hundnil anel thirteen ridelUs of the eollcetion nielicato 
that ndeliing is as popular with hehohaiiins as it is with tlie Penn- 
HvUania Geunnns anel the Nova Seotiins, dl peeipUs of the same 
history*^ One of the Sehoharic ndelles harks bae k to a ndelle pro* 
pounded by King vSolomon,**' eleven of the in art based on the same 
subjee Is as ten e)f the nelelle s in the e edle e turn e)f S> mpheisiuH, thought 
to have been written during the thirel or the feairth ce ntury a i> 
eight are riddles colie eted in F nglanel about the inidelle of the seven- 
teenth century, and fifty have seilutions similar tei neldle ^ in the 
tlunl eehtion eif Das Hdisdhuch^ by Karl bunroek 

Not one item of the three hundred anel seventy seven general 
fe)Ik sujMirstitionh of the eolleetiem has any elaim to originality Rt- 
seiiich shows that the many teas eir watery infusions prescribed for 
\arious disorders an survivals eif the Anglei-Saxon use of simples,*® 
a form of me die me whuh Cockayne cemsultrs to have been ele rived 
from Greece anel Home Ihe cures based e>n the belief that disease 
IH eaused by e \il spirits,*^ that it may be transferred or lured by the 
ext^rcisc of magit,*” are analogous to euns in Homan, beoteh, Eng- 
lish, Ge rman, Pennsyiv ania Ge nnan, anel Amt ne an Negro e e>lle e tions 
of folk niediuno and othe r types of folklein as we II as to similar cures 
of primitive peoples discussed in J G Frasser's Tki GoUhn Bough 
and William Crooke’s The Fopulat Rdigion and Folklore of Northern 
India 

Although there is little original matter m the entire voile otiein, 
the great number of survivals meheates that many of the folk c>f 

“ Gomme AlueB The Tradtitonnl Onmen iff Fnglarul Scotlnrul and I r* land ^ 
2 vols (Tendon, 1894, 1898), Nowell, William W Crames arul Songn of Arnencan 
Children tv, York 1883) 

“ Fauset Arthur Huff Folkhre from Nota '^coha {Now ^ ork 1931) pp x, 
140-176, Smuelt, Reverend John B, The Folklore of the Penyotylvanta (tirmans 
^Philadelphia, I9U>) 

Judges XIV 14 

OhI, Raymoml f The Emgman of Symphosiu^ (Philadelphia, 1928) 

** Payut, Joseph I , English Afedtcine %n the Anglo-Jsaxon Times (Oxford 
1904), p 49 

Ihtd p llfi, lilacW, William O , Folk^Metiicine (London, 1883), pp 4-25 

*® Black, op cit pp 49 04 
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the Schohane hills, who an dtwtndants of (itentrationh of sudi folk, 
are thinking and believing in the primitive way and m the primitive 
degree, that they, like othtrs of the same racial stocks in similar en- 
vironment, arc not attuned to the civili/ation around them Local 
geological and geographical factors have brought about social and 
economic conditions which have influenced the psychology of these 
folk, which in its turn not only has retarded their material and 
spiritual progress, but also has brought about unmistakable signs 
of dec ay in both the folk and their folklore 

Watnb Universitt 

Duhoit, Michioan 



SOME CHIPPEWA AND OT^^AWA USES OF 
SWEET GRASS 

VOrNE\ f? JONPS 

F or several wtoks during thr summers of 19 i3 and 1934 T was 
engaged in a study t)f the methods of preparation and utili- 
zation of plant proeluets by thi Chippr>\a and Ottai^a Indians ‘ 
While \isiting several communities in Michigan and Ontario for 
this purpose T had the opportunity to witness thi gUlunng and 
pjejiaration of sweet gitiss by the Indians and its applications 
in their handicrafts 

Sweet grass, Iherochloe odorata (I ) Btauv, is of th< grass 
family (Gramineae), and hence is properly called a grass It has 
bun known under several synonymous scientific naims, some of 
which are Iherochloe borealtHf Savasiana odorata ^ and Tornna odo- 
rata It has hkew ise receiv e<l several common narm s , among those 
best known are Sineca grass, vanilla grass, and holy grass It 
should not be confused with sweet vernal grass, Anthoxanthum 
odoratum, a closely related grass of somewhat similar appearance 
and properties 

This grass is native to both the Eastern anti the Western hemi- 
spheres On the coiitimnt of North America its range is very 
widespread across the northern regions According to Hitchcock 
(3, pp 627-528), it occurs in “Meadows, be>gs, and moist places, 
Labraelor, to Alaska, south to New Jcrwty, Indiana, Iowa, Oregon, 
and m the mountains to New Mexico and Arizona “ It for- 

merly was quite ceimmoii in swales and along laki margins through- 
out the Great Lakes region Iwo other species of this genus ouur 
m North America, but I am not aware that cither of them or the 
sweet vernal grass has been put to any use by Indians Under 

* From July 3 September 9 1933, ae the IIi»meopathic Hu8piial Guibl 
Scholar m Michigan Ethnology of the TJmvenwty of Michigan, and from Augiwt 1 
to August 20 10J4 Hith the aid of a faculty research grant from the same uni- 
versity 
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the name Anlhoxanthum odoratum Huron Smith (7, p 419) reports 
the use of grafts by the Ojibwf (C'hippewa) of Wiftconmn, 

but obviously this la an error, for th( Chippewa name as given 
by hmi agrees exactly with that gnfii by Densmore (1, p 294) 
for Hterochloe odorata (under synonym, Torrena odoiata) Further, 
the plant could not be Anthoxanthum, since, actordmg to Smith, 
it was usfd ceiemonially in oldni times, whtreas Anthoxanthum 
IS a rtceiit introduction from Furope Iht plant which Smith 
discusses must be Jlierochloe odoraia 

Swet t grass is a scmiereet grass that seldom n aches a height 
of over two and one-half hef, usually growing among shrubs or 
among other grasses It is not oftin found in pure stands It 
IB a peunmal irom cnspmg rootstocks Jht low and mconspicu- 
ous fruiting stalk app<ars tarly, producing sud m June or early 
July The leaves of this stalk aic few, short, and with long sheaths 
and short blacks, consequently they art of no use to the Indians 
The long, flexible ka\es which dc\ek)p latei from the btenlc shoots 
are the ones which are desired * 

lo the average i>erson sweet glass is not at all conspicuous, 
since it IS low and is usually intennmglid with other planta It 
18 , however, iiumfsliately recognized evtn from some distance by 
the Indians who are accustomed to gathtrmg it It is so familiar 
to them that my fii-st questions in regard to the particular char- 
acters by whuh they know it received very unsatisfactory answers, 
they simply knew it when they saw it Further cjutHtioning elicited 
the information that the glossy uppir surface of the leaves and 
the semicrect habit are features useful in its recognition 

The grass is harvested from the mitldk of July until it begins 
to dry in September Several harvests are made, but the mid- 
season product lb considered most desirable The leaves are gath- 
ered by grasping the shoots hrmly mar the ground and pulling 
steadily until they break loose fiom the reiotstocks, which are an 
inch or two under the surface C'areltss jerking is liable to break 
the shoots above the ground and to leave ragged ends and cause 
waste Gathering is slow and tedious since the grass is usually 
scattered and mixed with other plants Much of the gathering is 
done casually m passing, but at the height of the season an entire 

* For (IcficriptionR, tJluHtrHlionH and distribution of swrrt grasA and closely 
related species w e Hitchcock h irtaiment (3, pp 526-535) of the tribe Phalandeae 
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family may go out for a day or two to harvest a supply to be stored 
for use dunng the winter 

1 have been told that sweet grass is often planted to assure a 
more con\enient and nioie pltntiful supply I saw a \ery good 
stand of it in a field near an informant's house on the Walpole 
Island Reser\e m Ontario H( explained that this had been started 
by his fathtr-in-Iaw, who ha<.l transplanted rootstocks several 
years beiorc Can had bten taken to plant thest in a damp place 
among other plants, whire the young shoots would have shade 
No subsequent cultivation or care had been given to the plants 
An article m the Ann Arbor Daily Acte# of July 7, 1933, with a 
Pellstou, Michigan, date Iiiu, gives an atiount of the ^'cultivation^' 
of sw< < t graas by tin Indians (Ottaw i near that cit> to siqiple- 
ment the wild supply According to the artich, “It has been dis- 
covend that cultivation impioves the quality of tlu grass as well 
as increases the quantity a givrn aiea will yuld " 1 have not seen 
the cultivated grass near Pellstou, thfrefori I do not know how 
mlensivt the cultivation may be, but I have b<Hn assurtd on good 
authority that plantings of pure stands in tlu open do not fare 
well In other attimpts to supplement the natural supply, so 
far as I have heard of them, only transplanting was practiced, 
and no claims of an improved product were made 

Wh(n growing or when frtshly harvested sweet grasvS has a 
bright giccn color and very little odor As it dries the color fades, 
and a d(hcat< odor similar to that of vanilla is given off If the 
grass Is allowed to dry quickly m the sun the color and the odor 
are soon lost, and the grass becomes stiff and brittle Some ot 
the color, odor, and pliability can be retained for two or three 
years if the grass is proiierly cured immctiiateiy after gathering 
The methods of curing vary When only a fr w handfuls are brought 
in they arc usually hung out of doors in the shade to dry slowly 
This seems to be the only method practicfd at the Ottawa com- 
munity of Wikwrmikong on Mamtouhn Island AfUr thus dry- 
mg, the grass is stored until used, when it is dipped into boding 
water and withdrawn almost immediately This restores the pli- 
ability and brings out tlu odor 

The Chippiwa on Walpole Island have a process which, al- 
though certainly not aboriginal, is more thorough and seems to 
give a better product Immediately after gathering the grass is 
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laid on top of a large flat-topped wood sto\c, which is just a little 
too hot for the hand to bear if laid upon it The gross is spread 
thinly and evenly over the stove and shuffled with the hands so 
that it may cure uniformly It is heatcil m this manner until the 
leaves curl and become convolute, which requires about ten nunutts 
The gross is then removed and tied in bundles, which are suspended 
from the rafters with their ends hanging close to the stove, but 
not touching it A hot fire is built and allowed to die slowly, the 
grass being left o\er the sto\e as long as the stov( ls warm, which 
IS for most of the day The grass is the n re move tl, wrapped tightly 
m newspapers, and put m a dark place , from which it is taken as 
needed I saw grass which had been prepared m this manner and 
which, it was claimed, was two years old The color and the odor 
were good, and the grass was sufficiently pliable to be use<i without 
damjiening Usually gross is not kept so long, howe ver, most of 
it IS consumed during the winter aftei the harvt sting and curing 
A small bundle of cured sweet grass is shown m Plate III, Figure 1 

The active principle of sweet grass which causts its pleasant 
odor 18 cumann (or coumann), which is classed as an essential 
oil, although It H a solid at ordinary temperatures It has an odor 
and a flavor very similar to those of vanillin, thi flavoring prin- 
ciple of the vanilla bean, hence the name vamlla grass 

Sweet grass was and is employed widely by Indians as per- 
fume and incense ahnost everywhere that it is available In the 
Plains region, where perfumes were more used than elsewhere, it 
seems to have been of first importance According to Teit ( 8 , 
p 86 ), the Sahshan tnbes of the western plateaus utilized it m 
the same manner In addition to th( high place held by sweet 
grass as a personal perfume it was also an object of great religious 
veneration among some tribes, particularly those of the Plains 
region It enttred into the ritual of the Sun Dance, the Hako, 
and other ceremonies, m purification of participants, as incense, 
and in smoking The fragrance of the grass doubtless suggested 
these uses 

It IS of interest to note that sweet grass is connected with re- 
ligion in northern Europe also There it is known as holy grass, 
from the custom of strewing it before church doors on samts' days 
Gilmore ( 2 , p 66 ) reports that the Dakota Indians who are mem- 
bers of the Christian Church attach sweet grass to palms which 
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are received at church on Palm Sunday, or carry it to church for 
thw service This might appear to be a practice introduced along 
with Christianity, since this grass was associated with the church 
m PiUrope However, it is more likely, as Gilmore suggests, to 
be a relic of ancient Dakota beliefs and to jarsist because asso- 
ciatf d with their newly adopted religion 

The applications of sweet grass as perfume and as incense in 
ceremonies apparently were concentrated in the Plains region, 
but in the past must have extended into the Wocxllanda and must 
have been practictd by the Chippewa Densrnore (1, pp 380-381) 
tells of the former use of it m these ways by thf Chippewa of Min- 
nesota and, according to bmith (7, p 419), thi Wisconsin Chip- 
pewa employed it ceremonially In olden timts I learned of no 
such practices by the Indians whom I \i8ited, but they probably 
existed formerly and may have been lost m the almost complete 
conversion of these peoph to C hnstiamty and European customs 
I found no mention of the grass in Hoffmanns account (4) of the 
Midewiwin or Grand Medicine Society, but this may have been 
an oversight of his or of mine 

Iho uses of sweet grass which I observed and of which I was 
abk to learn among the Chippewa and the Ottawa of Michigan 
and Ontario were all of a material and practical nature in handi- 
craft The manufacture and sale of sweet-grass work, splmt baskets, 
birch-bark products, and iiorcupine-quill work is the chief source 
of income m many of the communities Somi households ari 
built around the gathering and preparation of maU rials and the 
manufacture of these objects Thtre is usually a division of labf>r 
among individuals of a family or among households, some persons 
do nothing but gather materials while others manufacture them 
In the well-knit economy dependent upon this industry there is 
a lively trade in both raw materials and finished products Active 
buying and selling ta-ke place within the commumty, and ofbn 
when the local supply of some material has become largely de- 
pleted it may be replemshed by traders from other places At 
Walpole Island sweet grass is commonly sold withm the reserve, 
although it still grows there m sufficient quantities The price 
IS standardized, a bundle of the cured product about two inches 
m diameter sells for twenty-five cents At the Ottawa village of 
Pesbabestown, Michigan, the grass has become so scant that ai- 
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moat the entire supply us brought in from elsewhere I was told 
that cured grass sdls there for two dollars per pound, and observed 
that it IS handled and used with great care Similar trade must 
occur among the ( hippcwa of Wisconsin, for Smith (7, p 419) says 
“W^hile Sweet Grass is scaice around the Plamlxau and Pillager 
reservations, they socuie it else where for making b*iskets ” 

I he uses of sweet grass among the Indians e>f the Gnat Lakes 
region are of two general types (1) in wnxMng grass on a splint 
feiundation and in tiimming splint biuskets anti bark objects, and 
(2) m making colled objects sewed with thread The uses will 
be ehscusse el in this order 

Ash-sphnt baskets are commonly manufacture el throughout the 
region which I visited They are woven of splints from black ash, 
with handles ind rims of black ash eir hickory The nm and the 
bonier aie lashed on spirvlly with slender, flexible stnps eif ash 
Ihf laiger baskets and those designed for heavy dutv always have 
this border of ash, but in the smalle r size s and in fancy oinaimnfui 
tyjKS sweet giiuss is almost always used Plate III, I'lgure 2, shows 
a small ash-sphnt basket with a sweet-grass horde r The reason 
for the use of sweet grass in this manner is that it is more pliable 
and plistic than lush The better woiking qualities of the grass 
enable the finushmg touches to be made more smoothly and more 
rapidly The completed product has the added Mrtue of the fra- 
grant odor of the grass, which, the Indians assure me , aids m the 
sale of the baskets Observation seemed to Inar out their state- 
ment 

fhe use describe el alxive is the most common one to which 
the grass is put, and a much greater ejuantily of it is consumed 
in this manner than in any other Probably at least half of the 
splint baskets made in the Great Lakes region have sweet-grass 
borders Por this puipose the grass is ordmanly used in its natural 
color, but sometimes, if it has faded or if thi desire is to have it 
match some green color in the color pattern of the splints, it may 
bo dyed green with commercial aniline dye I have never seen 
It dyed any color but green 

Ornamentation and i mbellishment are often added to the smaller 
fancy splint baskets and bu*ch-bark objects in the form of handles, 
fastenings, designs, and trimmings These frecpiently ere of sweet 
grass and are sewed to the baskets with commercial cotton thread 
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The grass used in this manner, aa was the civs* with the boulcrs, 
may or may not be dyed 

A rather common practice w the weaving of stiands of braided 
or twisted grass on a foundation of splints This form of wicker- 
work 18 also practiced by some of the Algonkian tribes of New 
England, according to Weltfish (9, p 450) and Mason (5, p 374 
and PI 119) The braidmg is usually of tht common threo-strand 
type The twisting is done by rolling damiient d grass on the thigh 
midcr the palm of the hand m tht manner in which cord is made 
fiom fiber The basket in Plate III, higun 3, illustrates braided 
grass woven on a splint foundation, and also shows an ornamental 
tab of braided grass The grass ustd in the construction of this 
basket had bet u dyed 

Tht only stylt of coiled basketry manufacture which has jKr- 
sisted to the present day in the Great Lakes region is that which 
IS built up with a foundation of sweet grass sewtd with commercial 
cotton thread This technique, which is centralutd among the 
Algonkian of tht Great lakes region, is practiced widely by the 
Ottawa and the Chippewa of Michigan and Ontario Ihe most 
common form is tht trinket basket (PI IV, hig 1), but others 
such as mats and novelties aie legularly made These objects 
may be either entirely of sweet grass or built on a center or bast" 
of birch bark Sometimes boxes of birch bark are finished with 
a few coils of gross these and the mats with bark centers are 
ordinarily decorated with porcupine quills 3 he combinations of 
bark, quills, and grass are varied and infinite Plate IV, Figure 4, 
shows a tray made with a bireh-bark center decoratetj with quills, 
with sweet gross colled around the outside A recent mnovation 
at Walpole Island is the fasluonmg of a basswowl foundation for 
the tops of trinket baskets Holes are drilled m thi edges of this 
so that the grass may \h sewed to it A burned or a pamted de- 
sign usually ornamtnts the wood 

The equipment for this coiling is just what would be used by 
the average seamstress for ordinary sewing It consists of small 
scissors, steel needle abtmt one and one-half inches long, thimble, 
and commercial No 10 black cotton thread Before use the thread 
IS drawn over a piece of beeswax I was told that this operation 
was to cause the thread to pull through the grass more easily and 
thus to prevent the catching and breakmg of the thread It doubt- 
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less also preserves the thread Cured grass is always used It 
IS often dampened to make it more pliable, but if it has been prop- 
erly cured dampening is not necessary 

The sewing of sweet grass is usually done by the women, but 
1 have seen one man who docs coiling and produces objects of good 
quahty The work is generally carried on indoors The workman 
IS seated and has a table or other support for materials and equip- 
ment The needle is threaded, and one end of the thread is knotted, 
so that it may be used for smgle-strand sewing A small bundle 
of the grass about one fourth of an inch m diameter is taken, the 
ends are evened and the coarse bases cut off with the scissors 
If the coil IS to bo entirely of grass, the base end of the bundle is 
knotted by looping tht end ovei the bundle and pulling it through 
The first coil is started by wrapping the long end of the bundle 
around this knot The sewing is first through the knot, looping the 
thread around the long uid of the grass, and back through the knot 
As each stitch is made tht grass is bent firmly against tht knot and 
the thread pulled tight After the grass hns completely encircled the 
knot, the stwmg is into the previous coil instead of into the knot 
If a a nter of bark is used, no knot m the gross is necessary The 
grass is laid against the edge of the bark and stowed to it The sewing 
IS through the edge of the bark, with the thread looped around the 
bundle of grass m before 

The object is hdd in the left hand, the needle is manipulated 
with the right The smooth or work side is toward the worker, 
the rough or non work side is away from the worker The first 
coil around the knot is made so that the free end of the grass be- 
low the knot is toward the nonwork sidt As the sewing progresses 
the object is revolved, with the hands moving horizontally from 
right to left, thus, viewed from the work side, the coil is counter- 
clockwise The edgf of the objtct is held between the palm and 
the index finger The free end of the grass is held between the 
remaining fingers and the palm The coil is manipulated and 
forced into place between the index finger and the thumb The 
major part of the skill and finesse is m this mampulation, smoe 
the smoothness, firmness, and shape of the product depend upon 
it In the manufacture of some objects such as flat table mats 
little shaping is necessary, but m the making of trinket baskets 
and some novelties great skill is required 
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Each fitifcch is completely around the free end of the grass and 
approximately halfway back into the previous coil and under a 
stitch of the last round, so that the stitches of one round inter- 
lock with those of the previous round On the work side the rows 
of stitches thus appear as many continuous radii from the C/cnter 
(PI IV, Fig 2) Ihe stitches at first are very close together, but 
as the operator works outward from the centi r ^ the diameter of 
the circle becomes larger — they become progressively farther apart 
When they become as much as three oightlis of an inch apart a stitch 
IS made midway between two of the previous round, and thus a new 
radius is begun 

The grass leaves are ordinarily about #ighteen mches m length 
After a bundle of these has been sewed into the coil until only about 
six or eight inches are left, the bundle begins to become thin, since 
not all the leaves are of the same length A number of new leaves 
arc selected and placed together with their bases m the same direc- 
tion This new bundle must equal approvunately the diameter 
of the proMous one The basal ends of tin new bundle are care- 
fully worked m among the upjier ends of the last one, so that the 
splicing does not show from the work surface, and sewing is con- 
tinued At the completion of an object the free end of the bundle 
of grass 18 sowed smoothly and firmly m place against the previous 
coil 

Tops for the trinket bavskets are made separately and hinged 
with thread, or a flange of birch bark may be sewed to the lid so 
that it fits into the nock of the basket and thus makes the hd re- 
movable Many modern novelty shapes of coiled work arc made, 
such as trays, tabic mats, kettles, and cups and saucers A basket 
and a tray ore shown in Plate IV, Figures 3 4 Birch-bark boxes 
and spimt baskets are sometimes trimmed with a few coils of sewed 
grass rather than with a single bundle lashed to the edge The 
lid of the basket in Plate 111, I’lgure 3, has such trimming The 
variations and combinations of coiled grass, birch bark, and splints 
are almost unlimited Some very ornate trinket baskets combin- 
ing coiled sweet grass, braided sweet grass, birch bark, and porcu- 
pine quills ore shown by Skinner (6, pp 29^297) These are of 
Meuomim manufacture 

It would be difficult to estunate the antiquity of the uses of 
sweet grass described above or to speculate with any degree of 
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accuracy upon the extent to which theae uees have been modified 
by the contact of the white man with the Indian Wo may be sure 
that the white man^s demand for novelties and souvenirs has been 
a very important factor m mfiuencing these crafts There is good 
reason to believe that the entire splmt-basketry complex is of 
recent acquisition by the Algonkian Indians, so that the uses of 
sweet grass in this connection have not been practiced for any 
great length of time Certainly the trimming of birch-bark ob- 
jects with sweet grass and the manufacture of novelty coiled baskets 
has every appearance of being a recent mnovation Practically 
all the modern handwork of these Indians is designed for sale, 
and little is mtonded for their own use 

The basic technique of the coihng, however, has every ap- 
pearance of greater age It was practiced in every community 
which I visited and shows great uniformity throughout the region 
The equipment of needle, thread, thimble, and beeswax is obviously 
not a part of the indigenous complex, but everything else seems 
aboriginal Accordmg to Mason (6, p 219), very old baskets of 
coiled sweet gross sewed with smew arc preserved in collections 
He does not state specifically by what tnbes they were made, but 
he discusses them along with products of the Algonkian He com- 
pares these with Eskimo grass baskets sewed with smew Mason 
(6, pp 376-377) gives Willoughby as his authority for the age 
of sweet-grass coilmg m the Great Lakes region '‘Charles C Will- 
oughby, of the Peabody Museum, Cambndge, Massachusetts, is 
of the opinion that coiled basketry was used among the Ojibwa 
Indians (Chippewa) on the Great Lakes before contact with the 
whites, and mentions very old specimens now m the possession 
of that museum, and others have been seen in private collections 
The foundation coils are of sweet grass and about one quarter 
of an inch ui diameter In some of the old specimens the sewing 
IS done with looped stitches, being continuous from the edge toward 
the center of the basket and not foUowmg the coils as is usual ** 

I have seen no baskets of the old type noted by Willoughby, 
but there is evidence that still other types of coiled basketry for- 
merly existed in eastern North America Weltfish (9, p 471) do- 
senbed an old Miami basket sewed with bark thread, and a set 
of Chippewa disks of single-rod foundation, which are m the Mu- 
seum of the American Indian Neither of these t 3 q)es is made 



31 


Chippewa and Ottawa Uses of Sweet Grass 

at present among the Algonkmn It seems that there was formerly 
more diversity of types of coiling m the eastern region, but that 
the technique which has been described in this paper is the only 
one which has persisted to the present time 

UNtVBKSlTY OF MICHIGAN 
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INFLUENCE OF POSITION ON STRUCTURE 
OF INFLORESCENCT.S OF 7AZIA AUREA 

WnUAM DOWKII BATKN 
Part I 

INTRODUCTION 

W HII^ the writer was cxammmi;; the nunilMr of jiedicds per 
umbel of Ztzia aurea during the early summer of 1931, 
he soon discovered that the first umbel to bloom contained fewer 
pedicels than did lattr onts, and that thf umbels blooming first 
were at about one half to two thirds of the height of the plants 
above the ground With this m mind he decided to make a more 
detailed study of the first inflorescences as compared with the 
next two to bloom 

During the summer of 1932 the pedicels on the umbels of 607 
plants of this species were counkd, arranged m frequency distri- 
butions, and analyzed in several details The first umbel to blossom 
proved to be the terminal of the mam stem, the next two were 
terminals of the two branches just below the stem terminal Stem- 
terminal umbels will be designated by T, the branch termmals 
by A and B So far as could be determined, A and B bloomed 
about the same time, which was several days after T had bloomed 
The positions of these throe inflorescences are shown m Plate V 
Notice that T is below the axillary terminal inflorescences and is an 
older inflorescence 

These plants, which were growing among much vegetation and 
tall grass, were found along tho Huron River Drive about five 
miles from Ann Arbor, Michigan Most of them produced three 
clusters, many had only two, and a few had four or five The 
small number of clusters was due, no doubt, to the crowded habitat 
m which the plants were growmg 

The objects of this article are to compare distributions of the 
number of pedicels per mfiorescenco for mftoresetnee^} at different 

33 
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positions on the plants and to show the influfnct of position on 
the structure of inflorescences 

ANALYSIS OP THE 1932 SAMPLE 

TABLE I 


Frequency Distributions of Pedicels ier Inflorehienck fok 
Umhui^ T, a, and B 


No of 
pedictls 
per umbel 

Plants V 

] 

^'lth three umbels 

Plants w 
(wo u 

rith only 
mhels 

jtney 

Plants with two 
or three umbels 

[ requoney 

Ireqi 

Frequency 

T 

A 

B 

1 

A 

T 

A 

7 

1 





1 


8 

4 



3 


7 


9 

12 


1 

2 


14 


10 

30 

4 

j 

\ 


34 

4 

11 

39 

5 

2 ; 

13 

1 

52 

6 

12 

62 

8 

17 

9 

8 

71 

16 

13 

79 

35 

20 

27 

8 

106 

43 

14 

56 

39 

41 

15 

18 

71 

57 

I'S 

44 

57 

55 

15 

20 

59 

77 

16 

37 

93 

92 

5 

18 

42 

111 

17 

15 

53 

47 

6 

11 

21 

64 

18 

8 

40 

44 

6 

15 

14 

55 

19 

5 

30 

30 

4 

8 

9 

38 

20 

1 

16 

18 

1 

3 

2 

19 

21 

1 

6 

11 

1 

1 

2 

7 

22 


4 

7 



1 

4 

23 

1 

2 

4 

1 


2 

2 

24 


2 

1 


1 

1 

3 

25 



2 




1 

26 


1 





1 

Total 

Mean 

SD 

895 

13 27 

2 87 

395 

16 15 
240 

395 

16 37 

112 

13 83 

2 76 

U2 

15 76 

2 30 

607 

13 39 

2 52 

507 

16 07 
238 


From these computations for plants with T, A, and B, it is 
seen that the average number of pedicels per stem umbel is 13 27 
and that the averages for the first and second axillary terminal 
umbels are 16 16 and 16 37, respectively These figures show that 
on the average stem clusters produce fewer pedicels than do axillary 
terminal clusters There arc significant differences between means 
for stem umbels and axillary termmal umbels, the difference be- 
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tween the means for axillary umbels is not significant The first 
Inflorescence to bloom produces on the average fewer rays than 
do those terminal inflorescences which bloom latfr Tins is not 
true of certain other species in the umbelliferous family 

The differences between the distributions of the number of 
pedicels per umbel for stem clusters and axillary terminal clusters 
can be seen more clearly by examining the 1932 sampU in Figure 3, 
which gives m percentages frequency iwlygons for the three dis- 
tributions for plants having 1, A, and B The polygon on the 
left represents frequencies for stem umbels, the two on the right 
designate frequencies for terminal axillary umbels Most of the 
distnbutions lor T he to the left of fifteen j>edicels, most of those 
for A and B lie to the right of fifU< n This figure also reveals suni- 
lanties of distributions for axillary tt rminal mflon scences Here 
the means are nearly tlu same, the polygons are about the same 
in range, height, and genet al appearance, which indicates that 
there is little difference betwt«n distributions for axillary umbels 
These diagrams cltarly show that axillary terminal umbels pro- 
duce more rays than do stem umbels 

There were 112 plants with only f and A umbels Questions 
arose whether there were significant differences (a) between the 
means for T and A for these plants, (6) between stem umbels for 
plants with only one axillary terminal umbel and for plants with 
two axillary terminal umbels, and, finally, (r) between first axillary 
clusters for plants with only one axillary cluster and plants with 
two 

The sigmficancc of the difference of the means is 

Q - Difference of the moans 

igni canoe j^tandard deviation of the differonec of thf means 

For (a) this is 6 7, which shows that thtre is significance between 
these means, there is no significance between the means m (6) 
and also none between the means m (c) 

CORRELATION COLEFICIENTS 

One naturally desires to know whether there is any correla- 
tion between the number of rays per inflorescence for stem and 
branch inflorescences For plants with three inflorescences Pearson 
Imear correlation coefiloients and standard errors are as follows 
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Fta ** 0 433 ± 036 for |)lanU with three clusters, 

Tta “ 0 350 ± 044 for plants with two clusters, 

rx* "* 0 309 ± 042 for plants with either one or two clusters, 

Ta® * 0 747 ± 022 

These correlation coefficients indicate that there is some cor- 
relation between the number of pedicels per umbel for T and A, 

but not so much as between A and B The last coefficient indi- 

cates that, if the first axillary terminal cluster has a large number 
of pedicels, the second axillary terminal cluster will also have a 
large number of pedicels, and if the first has a small numlier, so 
will the second axillary cluster, etc 


Part II 
INTRODUCTION 

Since th(re was found to b< a significant difftnnce between 
stem-terminal and first and second axillary- terminal umbels, it 
was decided to make a more detailed study of this spt^cies and to 
seek more information concerning th< structure of umlx Is for stem 
and branches Samples were gathend from two plots, counts 
of pedicels were made for every uml>el on the plants, and each dis- 
tribution of th( number of pedicels per umbtl was analyzed m 
several details 

Plot I, which is on the Huron lliver Drive al>out five miles from 
Ann Arbor, Michigan, contained much vegetation growing in a 
very moist soil, Plot II, which is on a roadside about three miles 
south of Dextor, Michigan, contained very little vegetation grow- 
ing m soil which was much drier than that on Plot I Plants on 
Plot II were more m the open than those on Plot I All plants 
on Plot II were gathered 

Both plots produced plants havmg branches wnth as many as 
three umbels The letter A represents, as before, terminal um- 
bels on the first branch below the stem umbel, Al, first nonterminal 
umbels on the first branch below the stem termmal, C2, second 
nonterminal umbels on the third branch, etc Plate V shows a 
plant which has these umbels, with their proper labels The first 
branch has two clusters, the second, three, and the third, only 
two Notice the size of T in comparison with A, B, and C, also 
that clusters Al, Bl, and Cl are later blooms than T, A, B, and C 
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TABLE II 

Frequency DiSTWBtmoNB of Umbblb for Both Plots 
No of umbels Frequency or no of plants 


per plant 

Plot I 

Plot 11 

2 

4 

7 

3 

IBS 

159 

4 

108 

154 

6 

105 

65 

6 

55 

43 

7 

30 

18 

8 

10 

19 

9 

11 

9 

10 

1 

7 

11 

5 

2 

12 


1 

13 


1 

TotcJ 

512 

485 

Mean 

4 488 

4 466 

8D 

1646 

1761 


On the average, plants on each plot produced about 4 6 umbels 
Figure 4 exhibits frequency polygons for these two distributions 
There were but four plants on Plot I and seven on Plot II which 
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produced only two clusters These numbers are much smaller 
than Is the number of two-cluster plants found m 1932 On these 
two plots there were many plants with more than three clusters, 
in fact, most of the distributions contain more than three, the 
sample of 1932 contained very few plants with more than three 

ANALYSIS OP TEHMINAL UMBELS 

TABLE III 

Distributions of Tbruinal Umbbls for Plots I and II 


No of terminal 

Frequency or no 

of plants 

umbeU per plant 

Plot I 

Plot II 

2 

7 

8 

3 

294 

207 

4 

185 

215 

6 

26 

41 

6 


14 

Total 

512 

485 

Mean 

3 449 

3 682 

BD 

0 612 

0 769 


There is significance between the means of these distributions, 
they indicate that the crowded habitat of Plot I was not conducive 
to the production of as many terminal clusters as the open habitat 
On Plot I there were no plants with only one terminal and none 
with more than five, on Plot II there were none with more than 
six Figure 5 presents these distributions 

It IS interesting to note that in the first group the means of 
distributions for plants with at least three terminal infioresconces 
are 


PlDt I Plot 11 


Mean of T - 12 782 pedicde 

Mean of A - 16 972 

Mean of B - 17 246 “ 


13 215- pedicele 
16 888 
17 649 


These averages for both plots satisfy the inequalities 
Mean of T < mean of A < mean of B 

These inequalities seem to indicate that the branch which comes 
from the stem at the lowest point produces terminal umbels with 
the greatest number of pedicels For each plot, averages for brandi 
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terminals A and B are significantly larger than averages for stem 
terminals^ that is, branches on the average produce larger temainal 
mfloresoenoes than stems do Frequency polygouals of these dis- 
tributions appear m Figure 3 and allow the eye to see at once some 
of the differences between distributions for stem and branch ter- 
minals for the sample of 1932 and the two 1934 samples Polygons 
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on the left represent frequencies for stem terminals, those on the 
right, for branch terminals There is very little difference between 
the means for first and second branch-terminal umbels From 
the figure it can be seen that the ranges for distributions for branch 
termmals ore about the same, that the modes are at the same 
place for the various samples, and that the general shapes of the 
polygons are about the same, yet in every case the mean for B 
IS a little larger than tliat for A 
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In Table IV the means of the second group of distributions* 
which pertain to plants with at least four terminals, are as follows 


Mean of T ■■ 
Mean of A — 
Mtan of B = 
Mian of C — 


Plot I 

12 46 pcdictlii 
17 to- 
17 75- 
17 89 


Plot II 

n 08 pedicels 

17 33 
18 12 

18 32 


These averages satisfy the following inequalities 

Mean of T < mean of A < mean of B < mean of C 
These inecjuahtics again indicate that the branches which come 
from the stem at points nearest the ground produce terminal clusters 
with the greatest number of pedicels Differences between the 
means for diHtnbutions for branch terminals are not significant, 
yet it appears as though the lower the branch the larger terminal 
umbel it will have Ihis is not true for all species in the umbel- 
liferous family Iifurher terminal inflorescences of Daucus caroia 
produce on the average more pedicels than do later ones The first 
terminal inflorescences are produced by the higher branches, the 
later ones by the loi^( r branches The results of the statistical study 
of Daucm caroia are to be published later These distributions are 
shown graphically in Figure 6, those for axillary terminal clusters 
are on the right 

There were 26 plants with f, A, B, C, and D clusters on Plot I 
and 64 on Plot II, their means are as follows 


Mean of T •* 
Mean of A •• 
Mean of B - 
Mean of C 
Mean of D «« 


Plot I 

12 38 pedicels 

16 77 

17 38 
1800 
17 02 


Plot II 

13 39 pedicels 

17 83 “ 

18 44 

19 30 “ 

19 81 ** 


For Plot I the mean for D is not greater than the mean for 
C, yet the former is larger than those for the other terminals The 
following inequalities hold for the two plots 

Plot I Mean of T < mean of A < mean of B < mean of C or D 
Plot II Mean of T < mean of A < mean of B < mean of 0 < mean of D 


The groups in Table V mclude distributions of all terminal in- 
florescences, their means appear in Table VI 
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TABLE V 


Frequency Distributions op Ppdiceijs por all Terminal Umbels 



TABLE VI 

Means of tub Distributions or Terminal Inflorescences 


Duster 

Plot I 

1 Plot II 

Av no of 
pedicels 

No of plants 

Av DO of 
pedicels 

No of plants 

T 

12 81 

G12 

13 23 

485 

A 

16 99 

509 

16 93 

478 

B 

17 23 

602 

17 67 

473 

C 

17 90 

214 


277 

D 

17 96 

27 

19 76 

58 

E 



21 12 

17 
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These averages for means satisfy the following mequahtics 
Mean of T < mean of A < mean of B < mean of C < moan of D < mean of E 
These inequalities seem to indicate that branch-terminal clusters 
produce on the average more pedicels the farther the point from 
which the branch conies from the stem is located below the stem 
terminal Lower branches yield clusters which bloom later m the 
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1932 SAMPLE PLOT I PLOT Jt 

I'lQUKE 7 

season than higher branches An examination of B'lgure 7 indicates 
the successive increases of these means 

The differences between the means for early and late branch 
terminals are sigmficant It appears from this study that the 
later branch terminals produce larger inflorescences than branch 
terminals which bloom at the beginning of the flowering season It 
must be observed in this connection that there are not a great 
many D and E clusters 
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In all groups previously considered the means for stem terminals 
are significantly smaller than those for branch terminals, and later 
branch tennmals have more rays per umbel than do earlier branch* 
termmal umbels 

CORRELATION BETWEEN TERMINAL UMBELS 

The linear correlation coefficients between the number of pedi- 
cels per umbel for vanous pairs of umbels are found in the follow- 
ing table 

TABLE VII 


Correlation CoEmciENTS for Various Pairs of Terminal Umbels 


N&mo of cor 
coef 

Plot I 

Plot II 

Value 

No of planto 

Valtio 

No of plants 

Fta 

0 102* 

509 

0 244t 

478 


0 871 

499 

0886 

466 


0 789 

210 

0 813 

271 

Ten 

0 872 

27 

0 790 

M 

Urn 



0 626-f 

16 


* Standard error » zt 044 t Standard error >- db 043 


Values for r^A indicate that there is very little correlation be- 
tween stem terminal and first axillary terminal Values of 
reveal high correlation between first and second axillary termmals 
This suggests that, if the first branch terminal has a small num- 
ber of pedicels, then the second branch termmal will also have 
a small number, and if the first branch terminal has a large num- 
ber, so will the second branch termmal, etc Values of Tqh and 
indicate high correlation between third and fourth terminals 
and between fourth and fifth terminals, respectively 

COMPARISON OF TERMINAL FLOWERS 

Since there were stnkmg differences between stem- and branch- 
termmal inflorescences, it was decided to examine the flowers of 
the two kinds of umbels to determine whether or not there were 
sUll other differences On examining umbellets of stem terminals 
it was discovered that many of them had imperfect or stammate 
flowers entirely, the majority had more stammate than perfect 
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flowers The following table gives the number of stem-termmal 
umbels with imperfect, perfect, and a mixture of perfect and im- 
perfect flowers 


TABLh. VIII 


FRKQtTKNCT OF KlNM OF FLOWSRS OF StBM-TeRMINAL UhBELS 



Plot I 

Plot II 

Desenption of umbels 

h requoncy 

Frequency 

Umbels with only staminate flowers 

Umbels with the majority of flowers im- 

147 

237 

perfect 

307 

229 

Umbels with the majority of flowers perfect 

50 

19 

Umbels with only perfect flowers 

5 


Umbela whore there was a doubt 

3 


Total 

512 

4^ 


This table shows cUarly that stem-termmal umbels produce 
more imjierfect flowers than perfect and that there are very few 
umbels of stem terminals which have only perfect flowers 

In Plate VI, iV, and P are stem-termmal umbels Cluster 
N has small pseudo-ovaries, or little knobs, at the ends of the small 
rays It did not have a single perfect flower, M and P had um- 
bellets with perfect flowers and also several without a single perfect 
flower In Plate VII, h shows imperfect flowers with false ovaries, 
kf perfect flowers with real ovanes Figures m, n, p, and q present 
top views of imperfect or staminato flowers In each of these, 
petals and stamen can be seen, there are no pistils Figures r 
and s enable one to see staminate and perfect flowers There are 
no pistils in r Two stigmas can be seen distinctly in s Most 
of the stem- terminal inflorescences produced imperfect flowers 

This was not true of branch-terminal inflorescences, for all 
of them produced perfect flowers In Plate VI, Q and S are umbels 
from branch terminals Branch umbellets contauicd at least three 
circular rows of perfect flowers The flowers have produced fruit 
There is always a perfect flower at the center of the umbellet, around 
this is a row of imperfect flowers, around this row are two rows of 
perfect flowers Ihe row of imperfect flowers can easily be seen 
in the plate, it appears in every umbellet shown With the ex- 
ception of this roV every row in umbellets of branch terminals 
produces perfect flowers This row of Imperfect flowers also ap- 
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pears m every stem-terminal umbellet Apparently this row of im- 
perfect flowers is characteristic of \imbelleta of this species 

Stem mflorescencea bloom first and remain in bloom for a very 
short time Stem umbels seem to remam m bloom for a shorter 
time than any of the other inflorescences 

ANALYSIS OF NONTBRMINAX AXILLARY UMBELS 

TABLE IX 

Fhequicncy DiBTRiBuaioNs OP Nonterm IN A! Umbels for the 
1934 Samples 

The niodn of each distribution is two 


No of nonterminal 

Frequency or no of plants 

umbilB per plant 

Plot I 

Plot 11 

1 

S'! 

42 

2 

107 


3 

37 

25 

4 

19 

20 

5 

11 

10 

6 

5 

4 

7 


2 

Total 

264 

14R 

Mean 

216 

2 53 


The last two tables show that nontonninal umbeh arc not so 
important as branch terminals, since there are so many more plants 
which produce branch terminals than there art which produce 
nonterminals Plot II yielded 148 plants with nonterminals against 
337 with no nonterminals, whereas Plot I yielded 264 with non- 
terminals agauist 248 with no nonterminals It must be remem- 
bered that all the plants with nonterminals also had terminals 
Most of the nonterminal inflorescences were found on the first 
and second branches, and the majority of these were first non- 
tennmals Plot II had plants with more termmals, while Plot I 
had plants with more nonterminals Plot II did not contain as much 
vegetation as Plot 1 The plants on the former plot receded much 
more sunshine than the plants on the latter 

In Figure 8 there are frequency polygons of these two distri- 
butions A glance is sufficient to reveal differences between the 
two plots 
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G0MPAK160N OF TERMINAL AND NONTERMINAL 
AXILLARY CLUSTERS 

Frequency dietnbutions for plants with T, A, Al, B, Bl, C, 
and Cl for both plots were found Their means are guen in the 
tabic below 

TABLE X 

Average Ntxmber or Pedicels for Branch Tbrminai ano 
l*iRST Nonterminal Umbels 


Cltwter 

Av 

no of piadiocla 


Plot I 

Plot U 

A 

17 35- 

16 58 

AI 

12 35- 

1185 

B 

18 07 

17 26 + 

B1 

13 07 

12 00 

C 

18 28 

1800 

Cl 

13 28 

12 43 


In every case axillary terminal umbels are significantly larger 
than the corresponding first nonterminal axillary umbels Non- 
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TABLE XI 

Avxbaqs Nttmbbr of Pbdicbu) ro8 Branch-Tbrminal and 
F iRaT Nontbrminal Umbkla 


Cluster 

Plot I 

Plot II 

Av no of 
pedicels 

No of 
plants 

Range 

Av no of 
pedicels 

No of 
plants 

Range 

A 

17 21 

108 

14 

16 79 

too 

15 

Al 

11 81 

198 

10 

11 40 

100 

9 

B 


100 

IS 

17 46 

123 

13 

Bl 


190 

11 

1181 

123 

12 

C 


65 

13 

18 23 

56 

13 

Cl 

1 13 07 

65 

8 

12 67 : 

66 

10 


terminals Al, Bl, and Cl bloom later in the season than branch 
terminals, m many of them these nonterminals do not appear 
Averages for nontonnmal clusters from both plots satisfy the fol- 
lowing mequalities 

Mean of Al < mean of Bl < mean of Cl 

These mequalities seem to mdicate that late first nontermmal 
umbels are larger than early first nonterminals 

Ranges for distnbutions for nonterminal umbels are smaller 
than ranges for distributions for branch temunals, and these show 
that the items m the former distributions are closer to their means 
than are the items m the latter There is less variation in the sise 
of nontermm^s than m termmals 

Groups of Table XII give the respective means of terminals and 
nonterminals In these cases there are more plants, and results 
from them should give a better idea of the differences of their means 
These are found m Table XI 

The following mequalities are satisfied for the two plots 

Plot I Mean of Al < muon of Bl < mean of Cl or of Dl, 

Plot 11 Mean of Al < mean of Bl < moan of Cl < mean of Dl 

These inequalities indicate that on the average the first non- 
termmal umbels on lower branches produce more pedicels than 
those on higher branches The data suggest that later first non- 
terminal clusters axe on the average larger than corresponding 
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FBcamutcT DisnuBimoNS or Pbdiogls for BRANCB-TsaMiNAt akd 
FzRRT NoJfnSRMINAi; UtCBRLe 



early ones Bar diajaprams in Figure 9 indicate the successive in- 
creases from branch to branch 

Again^ means for first nonterminal clusters are significantly 
smaller than means for branch terminals 

Ranges for distnbutions of nontermmals are much smaller than 
those of branch terminals These ranges are given in Table XII 
The ranges and the standard deviations show that the items 
in distributions for nontermmala are less scattered about their 
means than are the items m distnbutions for terminals Non- 
terminal umbels are less variable than terminal umbels 

Frequency polygons appear in Figure 10^ they enable the eye 
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to see at once the nature of the distributions of the number of 
pediceJs per umbel of axillary terminals and of axillary first non- 
terminals Differences between modes, ranges, and general shapes 
appear more vividly m an examination of these diagrams 


MEANS OF NONTERMINAL UMBELS. ZIZIA AUREA 



A1 Bl Ct Of At Bf Cl 01 

PLOT 1 PLOT H 

Fioxiru 9 


CORRELAHON BETWEEN AXILLARY PERMINALS 
AND NONTERMINALS 

TABLE XIII 

COHIUELATION COEFFICIENTS FOR TKR VARIOUS PaIRS OF CLUSTERS 


Name of cor 
coef 

Plotl 

Plot H 

Value 

No of plants 

Value 

No of plants 

Taai 

0 405^ 

198 

0 299 

109 

r* Bl 

0 414 

199 

0 341 

123 

Fa Cl 

0866 

65 

0 594 

56 




53 


Injloreacencea of Zizia aurea 

These values reveal some correlation bet w ten branch terminals 
and first branch nonterminals, but not very much The correla- 
tion coefficient is about 0,4 for Plot I and h ss than that for Plot II 
in two of the three This would mdicatt that the number 


H.OT I «-or IT 



of pedicels on a branch first nonterminal umbel was mfluenoed 
very httle by the number that was on the correspouding branch 
terminal There were not enough plants with D and B1 to enable 
one to detemine correlation coefficients r© ©j with any meaning 
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TABLE XIV 

CORBBLATION COBmCUlirW BKTWBBN BbANCH FibST 
NONTBRMtKAXi 'DlfBBLS 


Name of oor 

Plot I 

Plot II 

coef 

Value 

No of planta 

Value 

No of plants 

r*isi 

0 868 

146 

0 687 

89 


0 718 

56 

0 593 

60 


The value of Taibi reveale high correlation between A1 and B1 
This suggests that the first nonterminal on the second branch is 
mfluenced, m the number of pedicels, by the number of pedicels 
which the first nonterminal umbel on the first branch had The 
size of faioi for Plot I suggests that first nonterminal umbels on 
the third branch are mfiuenoed, m the number of pedicels, by the 
number of pedicels which first nonterminals on the second branch 
had These values are not so large for Plot II, yet there is a con* 
siderable amount of correlation 

To judge from values m Table XIV and those for terminals, 
there seems to be high correlation between corresponding umbels 
for successive branches 

Since there was such a small amount of correlation between 
branch-terminal and nonterminal umbels and very little between 
stem and branch terminals, the question arose whether there was 
correlation between stem terminals and branch nonterminals The 
following values, which were foimd from correlation tables, answer 
this question 

Plot I Plot II 

Tjai - 0 135 ± 071 0252 001 

These values show very little correlation, if any, between T and 
A1 From values of tta and rrAi it seems as though stem terminals 
have very little influence, if any, upon mfioresoenoes which bloom 
after they have bloomed Differences between distributions of stem- 
terminal umbels and axillary first nonterminal umbels are shown in 
Figure 6 

Since there were significant differences between the m e ans for 
terminal and nonterminal branch clusters, it was natural to ask 
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TABLE XV 

FnSQtTBMOY DUTBlBUnONA Of PBDlCSLft FOB Px^ANTS DcSCRIBBD BbLOW 


No of 
pwlioeU 
p«r umbel 



Plot I 



Plot n 

PUnU with only 
T A aodB 

Plante with T 

A B and at 
leaat one other 
umbel 

Plante with only 
T, A and B 

PlanU with T 

A B and at 
least one other 
umbel 


Frequency 

Frequency 

Frequency 

Frequency 


m 

A 

B 

T 

A 

B 

T 

A 

B 

T 


B 

s 

1 





B 







7 






■1 




1 



8 

1 



6 



1 



11 



9 

5 



18 



5 


1 

20 



10 

13 


1 

45 



14 

2 

1 

28 

2 


11 

25 

5 

3 

45 

1 

1 

16 

5 

3 

30 

1 


12 

21 

2 

8 
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3 
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7 
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36 

15 

10 
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4 
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10 

10 
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16 

20 

18 

8 

Mil 

27 

Bf 

15 

16 

21 

21 

29 

40 

33 

13 

17 

20 

33 
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ToUl 

176 

176 

176 

323 

333 

323 1 

151 

151 

151 

315 

315 

315 

Metm 

13 45“ 

16 61 


12 42 

1717 

17 61 

13 66“ 


16 63 

tFrn 

17 14 

17 99 

SD 

268 

264 

25 

3 07 

2 47 

2 61 

300 

283 


25 

2 79 

3 07 


whether there were differences in the flowers produced by them 
On examining the flowers of these clusters it was found that there 
were no differences That is, both produced perfect flowers, with 
the acoeption of the droular row of imperfect flowers on each um- 
beliet, which was mentioned above The only umbels which pro* 
dueed staimnate flowers, other than those m i^e row noted above, 
were stem umbels 
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COMPABISON OP PLANTS WITH ONLY TERMINAL UMBELS 
AND PLANTS WITH OTHER UMBELS 

On Plot I there were 176 plants with only three terminal um- 
bels, A, and B, and 323 with T, A, B, and at least one other 
umbel Plot II contained 151 with only 1, A, and B, and 315 
with T, A, B, and at least one other umbel The means for these 
distnbutions and the distributions thcmsches are given in Table 
XV 


TABLE XVI 

AvnaAOB Numrbr op Pgdicbls for Terminal Influrbacbnobs 


Plot 

Cluftter 

PlanUi with only 

1 A and B 

PI anti) with T, A, B, 
and at looiit oun other 
cluster 

Av no of |>«dicel8 

Av no of pedicels 


T 

13 45- 

12 42 

I 

A 

16 01 

17 17 


B 

16 59 

17 61 


T 

13 65- 

1301 

IT 

A 

16 36 

17 14 


B 

1663 

1799 


There are significant differences (1) between the means of distri- 
butions of stem-tennmal umbels, of plants with only three terminals, 
and of plants with three terminals and at least one other umbel 
for both plots, (2) between the means for clusters B for both plots, 
and (3) between the means for cluster A for Plot II 

On exarammg the table it is seen that on the average stem- 
termmai umbels are larger for plants with three termmal umbels 
and no more of any kind than for plants with three terminal umbels 
and at least one other umbel For branch terminab the situation 
was the opposite of this On the a\erage, larger branch terminals 
were found on plants which had at least four umbels, three of which 
were T, A, and B It seems natural to thmk that plants with few 
umbels would produce umbels with more pedicels, since there was 
more food for each umbd, but this was not true for the first two 
branch terminals A and B 
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SUMMAUY 

This statistical study jof Zizta aurea htis shown that 

1 Stem-terminal inflorescences differ significantly from axillary 
terminal mflorescenci «, that is, stem inflorescences have fei^tr 
pedicels than axillary terminals 

2 Stem-terminal clusters pioducc imperfect flowers, when as 
axillary clusters do not, except for one row of flowt rs 

3 There is very little correlation between the number of jm <li- 
cels per umbel on stem and branch umbels 

4 Plants with fewer than four umbels, all of which art terminals, 
produce stem umbels with mort rays than other plints do 

5 Most of the plants ha\ ( only two axillary terminal infloros 
cences 

6 Axillary krrninal clusttrs blooming at the firsi of the season 
have fewer pedicels than those blooming at the chist of the •reason, 
and the lower the point from which tht branch grows from the 
stem, the more pedin Is its ttrnunal will havf 

7 There is high correlation b( tween th< number of rays pir 
umbel on successive branch-ti rminal umb( Is 

8 On t^ery umlMlkt th<n is oiu row of impiifict flowers, 
this row is around the center flowtr 

9 Termmal and nonterminal axillary inflorescences differ sig- 
nificantly m the average mimlxr of podiiels, teumnal ones havi 
the larger number 

10 There is very little cornlation bttwein the numl>er of rays 
per cluster on terminal and nontt rminal chusters on the same branch 

11 Th(r( 18 high correlation between the number of peditels 
per umbel on corri»spondmg nonterminal umbels on succesSivi 
branches 

12 There are fewer nonterminal umbels than terminals, most 
of the nonterminals are on the first two branches, and many tunes 
there are no nonterminals 

13 The number of pedicels on stem and axillary inflorescences 
vanea with environment 

14 Early blooming first nonterminal clusters have fewer rays 
than those blooming later 

15 The Pearson Type IV curve fits all distributions of the 
1932 sample^ but docs not fit all distributions of the 1934 samples 














THE RESPIRATORY QUOTIENT AND ITS IN- 
DICATION OF WHAT CHEMICAL ACTIVITIES 
TAKE PLACE IN TOMATO FRUITS* 

FBIIX G GUSTAFSON 

F or a number of years the author has been studying the respira- 
tion of tomato fruits In the earlier of these experiments only 
the COft output was determined, but in the more recent ones both 
the COs output and the Os consumption have been determined 
As will be shown m another report, the two may differ widely 
And who is to say that one is more truly a measure of the respira- 
tion than 18 the other? In order to get a clearer picture of what 
is happening in the organism one should, whenever possible, de- 
termme both the COs production and the Oi consumption In 
this paper there will be considered only the ratio between the COs 
production and the Os consumption as influenced by the stage of 
development of the fruit, lapse of time in darkness smee picking, 
and by the oxygen and the COs concentration of the surroundmg 
atmosphere 

These experiments were conducted over a period of several 
years, during all seasons of the year The plants were grown in 
the greenhouse and out of doors, so that the results can be oou- 
sidered representative of the variety used, namely, John Baer, 
under several growing conditions 

The fruits were picked from the greenhouse or the field as needed, 
and as soon as they could be brought to the laboratory they were 
placed in the dark, constant-temperature room where the experi- 
ment was to be conducted The time interval between placing 
the fruits in the dark room and first sampling varied somewhat 
If Uie fruits were taken directly from the warm greenhouse into 
the warm-temperature room, a period of about two to three hours 

* Papers from the Department of Botany of the Umverslty of Michigan, 

No ftS 8 
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was allowed to elapse When the fruits from tho warm greenhouse 
were placed in the cold room or whin they were brought from the 
field m the fall into the warm room, a five-hour inter\al was allowed 
to brmg the fruits into equilibrium with the temperature of the 
experimental room 

Durmg the experiment the fruits whose respiration was studied 
were enclosed in glass bottles sealed with rubber stoppers The 
size of tho bottles used varied from about four to six liters During 
the experunents the air m tho bottle was continuously stirred by 
a device made for the purpose In numerous experiments only 
one fruit was used, while m others many were employed The 
large volume of air and few fruits wtn inipJoycd to insure an oxygen 
concentration near that of the normal atmosphere 

Samples of air were drawn out of the bottles into a gas-sampler 
having a capacity of 25 c c The gas analyses were made with 
a Hcnderson-Haldane pipette Details of analysis, sampling, etc , 
may be obtamed from a paptr on “Microbic Respiration,” by 
Novy, Roehm, and Soule (6) At the beginning of each experunent 
and a few minutes after the bottle had been closed a sample of air 
was drawn from the bottle and analyzed 1 hw procedure gave much 
more constant results than when no initial analysis was made be- 
cause, as had been discovered from a few preliminary analyses, the 
laboratory air was not constant from day to day, especially so far 
as the C Oj conti nt was concerned 

The experiments were carried out at two temperature ranges 
The lower temperature varied from 15 to 18*^ C , the higher, from 
30 to 33® C This does not mean tluit there was a variation of 
three degrees m a single experiment, but that some expe^nments 
were carried out at a temperature of 15 to 17®, others from lb to 
18®, etc The temperature fluctuated about two degrees m the 
lower temperature and less than one degree at the higher temjjera- 
ture The reason for choosmg two temperature ranges was that 
Gerber (1) m his extensive work on respiration in fruits found that 
in many fruits acids are respired at a temperature of 30® C or above 
(except mahe acid which, he states, is utihzablc at lower tempera- 
tures), whereas acids as a rule are not used at lower temperatures 
Sando (7) states that, according to the literature, the acids citric, 
malic, tartanc, benzoic, formic, oxalic, saheyho, and succinic have 
at some time or other been found m tomato fruits, but the pre- 
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Halation Bbtwbsn thb RBapmATonr Quotient and the State of 
Deveia>picent of the Fruits at Different Temfebaturbs 


Tempersture 


15-18® C 



30-33® C 


Condition of fruit 

Red 

ripe 

Red 

orange 

Orange^ 

red 

Qreen 

yellow 

pink 

Green 

Red 

ripe 

Red 

orange 

Orange 

Yellow 

green 

Green 

Avenge RQ 

0 97 

006 

0 72 

0 78 

103 

0 96 

009 

0 98 

Range of RQ 

0 83 

0 83- 

0 68- 

0 65- 

1 03- 

0 74- 

0 95- 

0 83- 


103 

1 00 

0 79 

1 02 

106 

1 05 

] 03 

1 23 

No of Experunont 

4 

4 

5 

10 

4 

6 

2 

12 

No of fnuU 

25 

7 

24 

405 

10 

7 

12 

59 

Diameter of fruiU 









in cm 




1 oa 




400- 





6 88 

j 




6 24 


ponderance of opuuon eoems to be that the chief acid in the tomato 
18 citric If the acid present is mainly citnc and the findings of 
Gerber are correct, the respiratory quotient (R Q ) should be above 
unity at a temperature of 30® or above, while it may be below one 
at a lower temperature, provided the acid concentration is fairly 
high So far as tht writer knows, the analyses mentioned above 
were made on ripe or semiripe fruits In the presient mvestigation 
the fnuts varied from green ones, only I 06 cm in diameter, to 
fully mature or even overrijx) fruits Tlierefore we cannot depend 
too much upon previous experiments 

In tomatoes there are no fats, and fat metabolism can there- 
fore be excluded In plants, protein is very seldom used in respiratory 
activities, unless more readily available material is lacking It 
seems safe to assume that the respirable material in the tomato 
fruit is composed only of acids and sugars Sando shows that thero 
IS quite a fiuctuatlon in acid and sugar content during the period 
of development of the fruit Sugars give an R Q of unity Tlien 
under conditions in which we can exclude fermentation any fluctu- 
ation of the R Q from unity is due to acid metabolism 

The original purpose of this senes of experiments was to de- 
termine the RQ in tomato fruits at different stages of develop- 
ment Some sixty odd experiments have been performed, some 
of which lasted for only a few hours or long enough to take two 
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Bamples of gas at an mterval of several hours, others were oon* 
tmurnl for about three weeks In the long experunents the fruits 
were taken out of the bottles a number of times and the air re- 
plenished 

The R Q , as obtamed from these experiments at the two tem- 
peraturea> before any secondary temperature effects were produced, 

has been called the initial R Q These 
are presented m Table I 

At a temperature of 15 to 18® C 
the ripe and the near ripe fruits have 
an R Q near unity, whereas the green 
of all ages and also the fruits which 
are in the early stages of npenmg, as 
shown by the color ranging from bght 
green to pink, have an R Q very much 
below unity 

At the higher temperature there is 
no appreciable difference in the R Q at 
different stages of development iliis 
statement must be quali6ed, because 
no really young fruits were used, the 
smailest fruits were 4 cm in diameter, 
and at that size they must have been 
several weeks old There is, then, no 
evidence of a large quantity of acid 
being utlhzed m respiration at the tem- 
perature 30 to 33® C This is contrary 
to Gerber's findmgs, but he did not 
use the tomato 

Fig 11 Change in R.Q during the Hpening 
prooefls of tomato fruits The horlsontal 
lines in each column denote the time elapsed 
since the first sample was taken, and the fig- 
ure opposite each line is the R Q which is 
the average for the interval sinoe the Urt 
sample was taken In all these experiments 
the fruits were green at the beginning, In]^- 
perlments 14 and 26 the fruits were yellow- 
pii^, and in 49 they were rfpe at the end of the experiment. IWiments 14 
^ 49 were conducted at 16-18’ C, while 26 was conducted at 80-83* C In 
the two the Oi concentration never went below 19 per cent, but in the last 
experiment the 0| concentration at the end was 11 4 per cent 
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Three experiments were conducted, two at 15 to 18® C and one 
at 30 to 33® C , in which the R Q was obtained on the same fruits 
during the process of ripening In all three the fruits were green 
when collected, but dunng the progress of the experiment they 
were ripenmg, as shown by the change m color At the end the 
fruits of two experiments were pmk-orange while those of the third, 
which lasted longer, were npe During the yellowing process the 
R Q rose until a value above one was reached (Fig 11) In Ex- 
periment 49, in which the fruits were ripe at the end, there was 
a decrease durmg the later stage The change m R Q from a value 
below umty to one above unity in the ripemng process, as shown 



Fto 12 Changes in total acidity concentrations dunng the development of 
tomato fruits Each point on the curve w the average of fifty fruits grown in 
the field Reproduced from a paper by the author (2) 


in these three expedmonts, strikingly corroborates what was brought 
out as a composite picture from numerous experiments with fruits 
of different ages and condition of ripeness (Table I) Kidd (5) 
has found that m the apple, up to the oUmaotlo period, when there 
is an increase in respiration activity, the R Q is below one, but 
at this penod there is a change from less than umty to more than 
unity 

The change from a low to a high RQ during the period of 
ripening can be explained on the basis of acid production and uti- 
bsation In a former paper (2) the wnter has shown that the total 
acidity increases until the fruits are five to six weeks old, which 
corresponds to the time at which the color change begms to take 
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Fia 13 R Q at different oxygon concontrataons at 15-18^ C The ehort hon- 
contat lines m each column denote the Ot concentration at which the samples 
were taken The figure opposite each hne is the R Q which Is the average for 
the interval since the last sample was taken The figures in the brackets 
below each R Q value represent the time m hours since the initial sample 
was taken, which is usually considered the beginning of an experiment 
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Fio 14 R Q at dUTarent Ox ooncentratlona at 30-33'* C 
Other data are aa in Fieure 13 
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place This increase is followed by a slight decrease in acidit> 
Figure 12 is reproduced from the former paper to show these acid 
changes The large acid production gives a low R Q , and as 
the acid is utilised during the ripening the R Q rises, which is m 
accordance with the experiments on acid content of tomatoes al- 
ready cited In a paper on alcohol and acetaldehyde production 
by tomatoes it was shown that a small quantity of alcohol is pro- 
duced by ripening fruits even when they are on the vines (3) This 
increases the ratio of CO1/O3 The acid utilization and the slight 
anaCrobio production of COj do undoubtedly account for the high 
R Q found in the early stages of ripening, while m the later stagea 
the R Q would decrease if there is acid production as shown by 
the fruits in higure 12 

Experiments on the effect of oxygen tension in the R Q will 
next be presented At a temperature of 15 to 18® C the O* concen- 
tration does not affect the R Q until it gets down to about 2 per 
cent or even less (Fig 13) This statement may seem contrary 
to the facts as illustrated by Experiments 44, 48, and 60, where 
there is an increase m R Q m Os concentration as high as 4, 7 5, 
and 6 8, respectively, but, as will be shown later, these increases 
are due to changes occurring dunng the first forty hours in the 
dark, and will occur even when O* concentration is very high The 
high R Q m Experiment 46 occurring at a concentration of 8 62 
per cent cannot be accounted for One might almost state that, 
until the 0| concentration becomes as low as one half of one per 
cent, there is no real effect, as shown by Experiments 44 and 46 
In Experiment 58 the R Q becomes very large at 2 6, but this 
can be explained on the basis of the very large number of vigor- 
ously respirmg fruits, which would probably decrease the 0$ tension 
around the fruits even though the air was circulated in the bottle 

In Figure 14 are presented data for experiments conducted at 
a temperature from 30 to 33® C After a careful perusal of this 
figure it becomes evident that here, too, there is no definite effect 
until the Oi concentration has decreased to around 2 per cent 
An K Q. of one cannot be attributed to the effect of oxygen, 
because in many experiments this and higher values may be ob- 
tained in an 0$ concentration very high, even near that of normal 
air, as illustrated by Experiments 27, 32, 35, 39, and 41 This 
high EQ value is then followed by lower ones, and only when 
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the Oi conoentration ia decreased to 2 or less will there be a rapid 
and continuous increase, as shown by Experiments 28, 29, 33, 35, 
and 41 The R Q reached at 30 to 33®C is very much greater than 
that at similar Ot concentrations at the temperature 15 to 18^0 
This IS to be expected with the much greater rate of respiration 

The high E Q at low Os tensions is no doubt due to anaerobic 
respiration setting in, when there is no longer sufficient oxygen 
left m the atmosphere For a while both the adrobic and the an- 
aerobic processes go on side by side, with the anaerobic gradually 
mcreasing in importance as the aerobic decreases in magnitude 

At the same tune that the oxygen was decreaamg in these ex- 
periments the CO) concentration was mcreasing, and, although in 
the preceding discussion only oxygen has been mentioned, one 
must bear in mmd that the mcrease m COt may also influence 
the respiratory quotient 

Therefore the effect of the mcrease m CO» conoentration upon 
the RQ has also been considered Figure 15 shows the relation 
between R Q and COi concentration at 15 to 18® C In only three 
experiments was the R Q above one at the end, and m these the 
C0| conoentration was 13 8, 15, and 20 2 per cent, quite a wide 
varmtion In contrast to these data are Experiment 50, m which 
the RQ was 0 89 though the COi concentration was 13 6, and 
Experiment 62, in which the respiratory quotient was 0 77 although 
the COs concentration was 143, or 0 5 per cent higher than in 
Experiment 68 The three experiments with the high RQ have 
not m common a high COs concentration, but they do have m 
common a low Oi conoentration This is especially true for Ex- 
periments 44 and 46 In Experiment 58, as has aheady been ex- 
plained, the fruits were very crowded, some restmg on top of others, 
and this, in spite of air circulation, probably produced a lack of 
oxygen In the vicinity of some of the fruits 

Figure 16 is concerned with the RQ and the CO# oonoentra- 
tion at 30 to 33® C In Experiments 27 and 41 (with npe fruits) 
there was no appreciable change until in Experiment 41 the CO^ 
concentration had reached 19 7 per cent, when the RQ rose to 
133, But the Oi concentration had reached its critical value of 
2 2, which nught account for this high E Q la the remaining seven 
experiments four have an R Q above one Of these four, Experi- 
ment 28 has an R Q higher than one at 15 9 per cent COt, Ex- 
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Fio 15 R Q »t different OOi ooncentratione at 15-18'' C The abort horixonial 
lines in each column represent the CX)i concentration at which the sample 
was taken Numbers within brackets represent the time sbice the beginning 
of the experiment 
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penment 29 shows the first effect at 16 6, but the value drops to 
one at 17 3, to nse finally at 18 2 In Experunent 33 the first defi- 
nite effect is at 20 0 and In Experiment 35, 18 0 per cent COi is the 
concentration at which the R Q is above one When the R Q was 
definitely above one in the preceding experiments, the respective Oj 
concentrations were m No 28, 2 per cent, m No 29, 1 6 per cent, 
in No 33, 1 5 per cent, and m No 56, 1 86 per cent The COi con- 
centrations at which one can be certain that the R Q is not merely 
fiuctuating range from 16 9 to 20, but at all these critical periods the 
Oj concentration was very much the same, 1 5 to 2 0 per cent 

The writer is not mterested in attempting to demonstrate that 
the COt concentration does not influence the respiratory quotient, 
but from a critical examination of the data there is nothing which 
would justify one in drawmg the conclusion that there is an m- 
fluence of the COj concentration upon the respiratory quotient 
The COi concentration at which the R Q has become greater than 
umty varies greatly m the different experiments, but the Oi con- 
centration is always about 2, or less The fact that the RQ is 
not influenced by COj concentrations as found m these experiments 
is m agreement with Kidd's work on germinating white mustard 
seeds (4) He states that COi concentration of 10 per cent had 
no influence on the E Q , but a 2Q per cent concentration had a 
slight effect A 10 per cent COa concentration depressed the R Q 
in green peas, but a 25 per cent concentration bad no further in- 
fluence on the H Q 

Many experiments were run for only a day or twp to determme 
whether there were any changes in RQ. over a short period In 
darkness at the two temperatures employed, when the oxygen 
concentration remained quite high, very definitely above the con- 
centration where it affects the R Q 

In both temperatures there is no noticeable diange m RQ 
during a period of two days in the ripe or nearly ripe orange-red 
fruits In the green and the slightly colored fruits there is a striking 
change Figure 17 gives the data for green fruits at 15 to 18* C 
There is unquestionably a decisive drop in the R Q dunng the 
first few hours in the dark This period of falling B Q may last 
twenty to thirty hours The only explanation which can logically 
be offered for this low production of COs accompanied by a high 
Os consumption is that organic adds high in oxygen are being 
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Fiq 17 Change in value of R Q with lapse of time at 15^ IS'’ C This figure 
shows that as the fruits r^am in the dark the R Q decreases and later in 
oreaaes The period of decrease may last only a few hours or over twenty 
hours The numbers inside the brevets below the R Q values denote tb« 
0i oonoentratton at which the gas sample was taken 


produced The average H Q for twenty expenmente with green 
fruits of varying sises at the temperature 15 to 18® C la 0 78, and 
the range is from 0 55 to 1 02 If eitnc is the acid formed, one 
molecule of sugar would have to be used m acid formation for every 
molecule that was used in respiration to give this ratio 

CsHttOs 4- IJO, - CsHsOt + 2HiO 
CsHwOs + 601*- aCOi + 6HiO 
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According to these equations, for every six molecules of COi pro- 
duced seven and one-half molecules of O* arc consumed During 
the early part of these experiments the II Q decreases This could 
be accounted for by assummg an mcrease in ih* number of mold- 
culcs of sugar used in acid production, hut from a few analyses 
of total acidity it is known that there is very little if any increase 
lu acidity during the first twenty-four hours of an experiment 
However, since there is an actual decrease m COi production, 
the proportion of sugar used in acid production could be increased 
without increasing th( total acidity very much Four sugar mole- 
cules for acid to one for CO# would give an R Q of 0 6 Other 
acids besides citric may bo formed to give low values for the R Q 
Thus the R Q would be 0 67 if malic acid is formed according to 
the equation 

CftHnOe + 30, « C4He()* + 2C0, + 3H,0 

Or the R Q would be 0 57 with tartaric acid formation 

2C«Hi,0, 4- 70, « iCiHeOe + 4C0, + 6H,0 

This assumes that the formation of malic and tartaric acids is part 
of the respiratory process, which may or may not be true 

With th( present information it is pure speculation to attempt 
to state what acid or acids are formed Attempts ought to be 
made to relate the carbohydrate decrease to the CO, produced, 
and from this one might arrive at a more satisfactory conclusion 
The decrease in R Q is always followed by an mcrease, fre- 
quently up to the initial value During this ijenod of rise the CO, 
output usually continues to fall The acids which were formed 
during the early starvation period are being used up, or perhaps 
the ratio between acid formation and production goes back 
to the onginal value The latter alternative is more likely, because 
in experiments on total acidity determinations the acid concen- 
tration is found to be greater after forty-eight hours than it was 
at twenty-four houi‘s This suggests the formation first of an acid 
(or acids) of high oxygen content followed by the formation of 
other acids cither havmg a lower oxygen content or usmg in their 
formation less oxygen in proportion to the CO, formed 

At the higher temperature of 30 to 33*^ C the performance of 
the green fruits is not consistent In some fruits the R Q mcreasea 



Respiratory Quotient tn Tomatoes 

during twenty-four to forty-eight houra^ but m others there is a de- 
crease Perhaps not enough data are a\ailabl« at the prtsent tune 

These experiments bring out viry interesting fluctuations m the 
respiratory quotient One of Uu mo&t striking results is the dif- 
ference at the two ternperatun s At the higher temperature the 
R Q is not nearly so low os in the corresponding (xperiments at 
the lower temperature At the lower ti miieraturc the fluctuation 
is very large during a short ptriod, and also there is the very great 
difference in the fruits at different stages of dovtiopment This 
difference again shows what has so frequently been poinUd out 
in recent years, namely, that the ttmperature influenus thf meta- 
bolic processes not only quantitatively but also qualitatively 

SUMMARY 

1 At 15 to 18® f grien and partly npe fruits have an R Q 
considerably below one, i e they are prorlucmg acid Thr ripe or 
near ripe fruits hav'e an RQ very mar one, in sonic expenments 
a little below and in othi rs a htth abovt 

2 At 30 to 33® ( all the fruits studied had an R Q near one 

3 During the rqiening process tht HQ changes from a low 
value to a value con«id< rably atiovr om 

4 Decreasing thi oxygen conct nt ration has no effnt upon 
the R Q until a v alue of about 2 jier cent is reached The results 
at the two temperatures arc essentially the same 

5 Withm the rangi of these expenments (0 08 to 20 0 |>er cent) 
the COa concentration does not influence the R Q 

6 At 15 to 18® C there is quite a dip in the R Q during the 
first few hours m the dark, usually lasting up to 20 30 hours, after 
this time the R Q rises This is trui only for grecji and slightly 
colored fnuts The ripe fruits do not show this fall and rise m R Q 

7 The results at 30 to 33® C were variable, and no definite 
conclusions as to an initial decrease in R Q can be drawn from 
them In general the R Q remains at or near unity 

University or Michioan 
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LICHENS FROM THE ALEUTIAN ISLANDS 
AND THE ALASKA PENINSULA* 

JOYCE HEDRICK 

T he speoimeiiB upon which this report is based were collected 
by W J Eyerdam during the summer of 1932 Collections 
were made on Atka, Amlia, Carlisle, Unalaska, and Unimak of 
the Aleutian Islands, at King (^ove along the coast of the Alaska 
Peninsula, on Kodiak and Sitkalidak islands, and at Seldovia on 
the coast of the Kenai Peninsula 

Clara E Cummings, m Lichens of Alaska (1910), reports a 
number of species from this region, as docs R Htber Howe, Jr, 
in **Some Alaskan Lichens {Hot Gaz , 56 496-' 600 1913 ) The 
following list of 46 species and 16 varieties and forms contams 
6 species and 8 varieties and forms not reported by these writers 
Of these 1 species has not previously been described and 1 species 
and 2 forms apparently have not been reported for North America 
Two specimens of crustose forms were identified by Dr A H 
Magnusson, one of which proved to be a new species The de- 
scription and comments furnished by him have been included here 
with shght modifications Several varieties and forms of Ciadonia 
were identified by Dr Henn Sandstede and a few species of Cia- 
donia and Stereocaulon by J L Lowe 

Hie writer wishes to thank Dr E B Mains, who made the photo- 
graphs and gave advice m the preparation of the manuscript 

List of Spfcxks 

Sfrakrophorus cohalloides Pera (PI VIII, Fig 1) — Seemingly 
very common and mixed with other species on the ground, 
Unalaska Island, Amha Island, Atka Island 
Spbakbofhoros fragiws (L ) Pers — Not so common as the pre- 
ceding species, Unalaska Island, Amlia Island, Kodiak Island 

* Papers from the Department of Botany and the Herbarium of the Uni- 
versity of Michigan, No 535 
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Pbohoma hypnokum (Hoffm ) S Gray — Atka Island 
Stxcta PULMONAttiA Bir var lii^ita (Ach ) Tuck — Unimak 
Island 

Sticta QUEKCIZAN8 Ach — Unalosku Island 

SoLORiNA cnocEA (L ) Ach — Common and conspicuous, Unimak 
Island, Carlisle Island, Unalaska Island, Alaska Pen 
Nephroma ahcticum (L ) Torss - Unimak Island, Alaska Pen 
Peltiqera aphthosa (L ) Willd — Unalaska Island, Atka Island 
Peltioera canina (L ) Willd var membranacea Ach — Rather 
common, Unalaska Island, Unimak Island, Atka Island None 
of the sficcimens appeared to be the sjiecies proper, which is 
reported by both Cummings and Howe 
Peltigeha canina (L ) Willd var sorediata (Schaer ) Fmk — 
Sitkahdak Island 

Peltigeha malacea (Ach ) Funck — Kodiak Island Apparently 
the first report for Alaska 

Pfltigera 8CX7TATA (Dicks ) Dub> — Alaska Pen Apparently the 
first report for Alaska 

Lecioea albocaerulescfns (Wulf ) Ach var flavocaerulescens 
(Horn ) Schaer — Quit<. common and showing the character- 
istic iron-red colormg of tin thallus, Atka Island, Unalaska 
Island, Amha Island 

Lecidfa auriculata T Frn s — Unalaska Island Apparently the 
first report for Alaska 

Mycoblabtus sanguinabius (L ) Norm var alpinus (E Fries) 
Stem — Rather common, Unalaska Island, Atka Island, Kodiak 
Island 

Bacidia ALASEENsm (Nyl ) Zahlhr (PI VIII, Iig 2) — Unalaska 
Island, identified by Magnusson The species was di scribed 
by Nylander from mat* rial collected in Alaska by Dr Bean 
in 1880 Apparently this is the first report of its collection 
since the ongmal material for which no definite locahty is 
given 

Rhizocahpon alpicolom (Wahl ) Rabenh — Atka Island, Unalaska 
Island 

Rhizocarpon geographicum (L ) DC — Unalaska Island 
Rhizooarpon grande (Floerke) Am — Unalaska Island 
Cladonia amaxjrocraea (Floerke) Schaer — Common, Unalaska 
Island, Atka Island 
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Cladonia bellidiploka (Ach ) Hchaer f subulipormis (Wahl ) 
Vamio Alaska Pen , Atka Island Apparently the first report 
for Alaska 

Cladonia chlobophaea (Ploerkc) Spreng f costata (Flocrke) 
Sandst — Kodiak Island 

Cladonia coccifeka (L ) Willd —Rather common, Unalaska 
Island, Atka Island 

Cladonia cocciffra (L ) Willd var pleurota (Plot rkc) Schaer — 
Atka Island 

Cladonu DEPORMI8 (L ) Hoffm — Seldovia 
Cladonia pimbriaia (L) E Ines var coniocrafa (Flocrke) 
Yainio — Kodiak Island Apparently the first report for Alaska 
Cladonia gracilis (L) Willd var chordalis (Idocrkc) Schatr — 
Unalaska Island, Unimak Island 

Cladonia gracilis (L ) Wilid var elongata (Jactj ) F Icw^rkc — 
Atka Island Apparently the first n port for Alaska 
Cladonu lepidota Nyl f cliiasphora Lynge — Seemingly com- 
mon, Unalaska Island Apparently the first report for North 
Amenca 

Cladonia pyxidaia (L ) E Fries — Atka Island 
Cladonia scabriuscula Sandst f conspfusa Vamio — Unalaska 
Island Apparently the first report for North America 
Cladonia squamosa (Scop ) Hoffm — Kodiak Island 
Cladonu tincialib (L ) Web — Unalaska Island 
StERLOCAULON DENUDATUM Floerke Common, Unalaska Island, 
Atka Island, Amlia Island, Unimak Island 
Sterkocaulon paschale (L ) Hoffm — Alaska Pen , Unalaska 
Island 

Gyrophoha ANTHKACiNA (Wulf ) Ach — Rather common , Una- 
laska Island 

Gyrophora arctica Ach — Common, Atka Island, Unalaska 
Island, Amha Island 

Pertusaru communis DC — Rather common, Unalaska Island, 
Atka Island 

Pertusahu glomfrata (Ach ) Schaer (PI IX, Fig 1) — Amlia 
Island 

Lecanora aleutica H Magn , sp nov (PI IX, Fig 2) 

Thallus expansus, orbicularis, albescens, centroversus ver- 
rucosus vel verrucoso-areolatus, subcrassus, ambitu tenuis In 
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bypothallum cretaeeum fimbnatum distmote radians transiens, 
CaCl — , KOH — , J— Apothocia centroversus solum evoluta, 
sedentia et umbiUcata vel breviter podicellata, magim» rotundata, 
disco testaoeo-fusco piano vel leviter convexo margine tenui 
mox exclusa circumdato Cortex apothecn subtus late evolutus, 
dnereo-nubilatus, KOH- Hypothecmm incoloratum Hy- 
menium mediocre, superiore parte fulvescente non mspersa 
Sporae maiores 

Thalli 8-12 cm or more m diameter, orbicular to somewhat 
irregular, sordid white, the radiating circumference lighter m 
color, the central irregular areolae 0 5~1 mm broad, verruoose, 
dividing into smaller ones, up to 1 mm thick, internally dark 
gray on account of air and granules which dissolve in acids 
only to a small extent, the cortex 35 thick, colorless, with 
an mdistinct similarly colorless surface, hyphae intricate, in- 
distmct, thick-walled with oblong or rounded small cells, the 
gomdia 8-13 m across, in more or less globular lumps partly 
separated by perpendicular strands of hyphae, m a stratum up 
to 100 /I thick which is very uneven above, the medulla thick, 
gray, consisting of rather dense, mtrioate, mdistmot, thick- 
walled hyphae 

Apothecia not numerous, the younger surrounded by a slightly 
promment pale margin, the older 3-5 mm across with excluded 
margin, the disk more or less dark yellow-brown, plane or slightly 
convex, 0 7 mm thick near the margin, provided at the center 
with a foot 0 8 mm long and 0 7 mm thick, m section mostly 
pale, KOH-, the margmal cortex 40-50 n thick, the upper 
part along the hymenium colorless without gonidia, the lower 
part more or less dark gray with a gonidial stratum, the hyphae 
perpendicular to the surface, thick-walled m HNOj, 7-^ M 
thick with granular surface, the gray color remaining also in 
HCL and HNOi, the small obscuring granules more or less 
visible m alcohol, the gonidiai stratum 100-150 /i thick inside 
the cortex below the h3rmenium, the exciple 100-160 fi thick, 
ohondroid, refracting, the lower surface toward the medulla 
very uneven, the hypothecmm about 50 fjL thick, gray, 1+ 
more or less x>ide blue, often only in spots, the hymemum 85 /i 
high, colorless, 1+ blue to sordid blue, the upper 8*10 m 
brown-orange, in KOH with a yellow mist soon disappearing, 
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the paraphyses dense, not branched, l-l 6 thick^ in KOH 
discrete, apices hardly swollen, olive-yellow, the asci about 
65 X 14 ciavate, the spores 8, only a few mature, 13-16 X 7-8 
fit broadly ellipsoid 

Pycnidia not found 

Hahtat — On volcanic stone with Buelha coniops and traces 
of Physcla near eaena and Verrucana sp , probably collected 
on the shore 

Locality — Atka Island, Aleutian Islands, Alaska, July 6, 1932, 
W J Eyerdam 

At present it is impossible to determine the relationship of 
this new species because we have no survey of this large genus 
and its groups It resembles in several respects the Lecanora 
suhfusca group, but there is no reaction to KOH At first 
glance it reminds one of a species of Haematomma on account 
of its very large characteristic apothecia 
Lbcanoka okuda (L ) Ach (PI X, Fig 1) — Quite common, and 
very characteristic with its large rosette-hke apothecia, Una- 
laska Island, Amlia Island, Unimak Island 
Lecanora straminea (Wahl ) Ach — Atka Island, Unalaska Island 
OcHROLECHiA TAUTAREA (L ) Mbuss — Quito common, Atka Island, 
Amlia Island, Unalaska Island 
Haeicatomka VBNTostTM (L ) Mass — Unalaska Island 
Parmeua perlata Ach var ciliata (Lam & DC) Duby — 
Seldovia Apparently the first report for Alaska 
Parhelia physooes (L ) Ach var enteromorpha (Ach ) Tuck — 
Kodiak Island, Seldovia 

Parhelia saxatius (L) Ach — Quite common and sometimes 
mixed with the next species, Kodiak Island, Atka Island, 
Sitkalidak Island 

Parhelia baxatilis (L ) Ach var omphalodes (L ) E Fnes — 
Rather common, Unalaska Island, Atka Island 
Cetraria fahlonensis (L) Schaer — Quite common, Unalaska 
Island, Atka Island 

Cetraria olauca (L ) Ach — Kodiak Island 
Cetrarza 16 LANDICA (L ) Ach — Unalaska Island, Atka Island 
Cetraria lacunosa Ach (PI X, Fig 2) — Common, Unalaska 
Island, Atka Island 

Alectoru DiTERaENS (Ach ) Nyl — Unalaska Island 
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Albctobia ochkoleuca (HofFm ) Mass — UnaJaaka Island, Amha 
Island 

Ramalixa cawcabis (L ) Rdhling — Atka Island, Amlia Island 
Apparently the first report for Alaska 
Kamaltn^a farinacea (L ) Ach — Kodiak Island 
Thamnolia vermicttlaris (Sw ) Schaer — Unalaska Island 
Caloplaca elegans (Link ) T Fnes — Common on rocks along 
the shore, Unalaska Island, Kodiak Island 
Caia)placa murorum (Hoffm ) T Fries — No locality given 
Caloplaca pollinii (Mass ) Jatta — Unalaska Island 
BuEEiiiA CONIOPS (Wahl ) T Fries — Atka Island Apparently 
the first report for North America 
Phtscia BTJCLiiARis (L ) Nyl - ~ Unalaska Island 

UwiVBBSJTT or Michigan 
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ADDITIONS TO THE FLORA OF WASHTENAW 
COUNTY, MICHIGAN’" 

l-REDFRICK J HERMANN 

T he following notes are based on material collected by the 
writer, chiefly m 1934, but the earlier numbers represent col- 
lections of 1926 and 1927 

That the flora of Washtenaw County is still vtry imperfectly 
known seems manifest when it is considered that eight y-si\ vascu- 
lar plants not reported for the county by Walpole * were collected 
sfioradically by the writer, with no intensive or concentrated effort 
to add to the number of species known from the area There are 
probably several reasons why these species have not been previ- 
ously reported Some are no doubt very local, such as Carex pedun-- 
culojta and Cardamine pennaylvanicai and a few are probably recent 
introductions, such as Bromua trUermedtun and Snymbnum Tkalta- 
num Again, some are representatives of critical genera whose 
distinctness from near relatives may not be readily apparent, for 
example, Carex Behbit and C auherectaf or which may be segregates 
not yet incorporated into the manuals, for example, Carex laevt- 
vogtnaia and Oalinsoga cihata, but it is difficult to understand why 
such plentiful species as Manscus fnanecoides, Carex cowmums, 
PyruB coronaruif PrunuB vtrgintana^ and Viburnum Lentago were 
not recorded 

Lack of opportunity has prevented a systematic search through 
the Herbarium of the Umversity of Michigan for further Wash- 
tenaw County records, but such a search would unquestionably 
add many more 

In the following list species preceded by an asterisk have ap- 
parently not heretofore been reported for Michigan As a rule, 
only one or two localities are cited for species which are common, 

♦ Raperg from the l>epartme&t of Botany and the Herbanum of the Uni- 
versity of Michigan, No 519 

^ Walpole, Branson A , FU>m of WfuktenatB Couniy^ M%ch\gtm% Z>epartinent 
of Natural floienoe, Michigan State Normal College, Ypitlanti, 1924 
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although they may be represented m herbaria by other collections 
The numbers given after localities are the writer's collection numbers 
except where otherwise noted The abbreviations used to indicate 
herb^a m which specimens of the collections cited ha\c been de- 
posited are here listed 

F — Field Museum Herbarium Mo — Herbarium of the Missouri Bo- 

G — Gray Herbarium tanical Ctarden 

H — Herbarium of I* J Hermann N — National Herbarium 

M — University of Michigan Herba- P — Herbarium of the Academy of 
rlum Natural Soloneca of Philadel- 

Mn - University of Minnesota Her- phia 

barium W — University of Wisconsin Herba- 

rium 

Eqtjisetum htemale L var affine (Engelm ) A A Eaton — 
Locally abundant on partly wooded banks of the Huron River 
and other streams Cascade Glen, Nichols Arboretum, 4^ (M) 

Lycopodium lucidulum Michx — Plentiful m Mud Lake Bog, 
ie369 (M) 

PiCEA MARIANA (Mill) BSP — The dominant tree in the bog east 
of Mud Lake, 64S6‘, (H) 

PoTAMooETON lloBBiNBit Oakes — South end of Whitmore Lake, 
1661 (H) 

Panicum fucxide (Gattinger) Scnbn — East shore of Silver Lake, 
e4Fr (M, H) 

Fhalaris canarienbib L — Apparently rare, but persisting for 
several years Pontiac Road, Ann Arbor, 1369 (M) 

MuHtENBEBQiA FOLiOBA (R 4 8) Trin — Frequent Cady's 
Comer, 163$ (M) 

AiiOPECURUs AEQUALZS Sobol (A gemcidatuB L var anstufotus 
Torr) — Common Pawpaw Woods, 1711 (M), Third Sister 
Lake, 6194 (M, G, N, P, H) 

♦Adopecubub agrbbtbib L — Rare Waste ground, Packard Road, 
Ann Arbor, 6184 (H) 

Sporobolub nbolectus Nash — Plentiful m sandy field on north 
bank of Huron River, three and one-half miles southeast of 
Ypsilanti, 6469 (M, H) 

Oltcbria BOREALIS (Nash) Batohelder — Marshy southwest shore 
of Third Sister L^e, 619$ (M, G, H) 

Bromus coifMUTATUS Sohrad — Becoming frequent in waste 
ground Ann Arbor, 118$ (M, H) 
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BnoMVfi Kaluii Gray — Frequent in open oak wooda Cedar Bend^ 
Ann Arbor, 14 I 8 (M) 

♦Bromxjs INTEBMEDIUS Guss — Rare Waste ground, Packard 
Road, Ann Arbor, 68S5 (N) Determined by Professor Hitch- 
cock, who states that this is the first record for the United States 
LoutJM MULTIFIXIRUM Lam — Occasional m lawns Ann Arbor, 
1648 (M) 

Cypfrus RivtmARiB Kunth — Abundant on margin of pond oast of 
Sliver Lake, 6466 (M, G, N, P, Mo, F, W, H) 

Cypkrub ebythrorhxzos Muhl — Bank of Huron River one^haif 
mile west of Scio, 0460g (H) 

Cypkbus piLicuLMia Vahl var macilentub Ftmald — Apparently 
more plentiful than the typical form Michigan Central Rail- 
road siding north of Ann Arbor, 1468 (M, H) 

Elrochabib olivacba Torr — Abundant on quagmires at Mud 
Lake, and on margin of pond east of Silver Lake, 6430 j (H) 
•Eleocharib caribaea (Rottb) Blake var dibpar (E J Hill) 
Blake — Abundant on margin of pond east of Silver Lake, 
6430 (G, H), 6476 (M) Previous to 1934 known only from the 
type station, Lake County, Indiana 
Eleocharis SwAiiLii Bntton — Clay margin of pond, Shanghai 
Pit, 6868 (M, Mo, H) 

Erioprorum 8PIB8UM Femald (E caUxtnx of recent manuals, not 
Cham ) — Plentiful in Mud Lake Bog, 6803 (M, G, P, H) 
Here near the southern limit of its range 
Marxbcub &(ARiscoides (Muhl ) Kuntze (Cladtum martscoides 
(Muhl ) Torr ) — Common m marshes and on sandy shores 
Silver Lake, 1680 (M), 6837 (O, H), Cavanaugh Lake, 6837 
(M, H) 

Carex Sartwelhi Dewey — Occasional Bog south of Cav- 
anaugh Lake, 6839 (M, H) 

Cabex convolxtta Mack —Common White's Woods, Ann 
Arbor, Cascade Glen, 6888 (H) 

*Carkx iarvivaoinata (Kukenth) Mack — Frequent Cascade 
Glen, 6831 (H) 

Cabxx stxrius WilJd — Fairly common Marsh south of Cav- 
anaugh Lake, 6818 (M), 6819 (H) 

Carex Brbbii Olney — Frequent Marsh on Geddes Ave , 1489 
(M), and on North Boulevard, Ann Arbor, i 486 (M) 
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Caksx subebecta (Olney) Britton — Frequent on sandy shores 
and in marshes Cavanaugh Lake^ (H), 6^50 (G, N) 

Cahex alata Torr — Marsh south of Cavanaugh Lake^ 6^4^ (H) 

Cabex Jamesii Schwein — Locally plentiful C aacade Glen, 6^^? 
(M, G, N, P, F,Mo, Mn, H) 

Cabex communis Bailey — Common on oix*n oak slopes White’s 
Woods, Cascade Glen, 6998 (N, P, Mn, Mo, W) 

Cabex pedunculata Muhl — Beech-maplt woods near Cherry 
Hill Road, ten railes northeast of Ann Arbor, C 0 GraBsl, 3888 
(M,H) 

Cabex Meadii Dewey (C tetamca Schkuhr var Meadtt (Dewey) 
Baiiey) — Plentiful in swamp south of Cavanaugh Lake, 8318 
(H) 

Cabex Woodii Dewey (C tetamca fechkuhr var Woodit (Dewey) 
Bailey) — Rare Sparsely wooded bog, south shore of Base 
Lmo Lake, 8013 (H) 

Cabex hetphospekma Wahl — Common on moist, wooded slopes 
Cascade Glen, 6999 (M) 

Cabex qbacilescens Steud — Beech-maple woods near Cherry 
Hill Road, ten miles northeast of Ann Arbor, C 0 Oraaslf 
3887 (M) 

Cabex glaucodea Tuckerm — Sterile soil, sparsely wooded steep 
bank of Huron River, King’s Fiats, three and one-half miles 
southwest of Ypsilanti, 6468 (H) 

Cabex Spbengeui Dewey (C longtroatns Ton ) — Local Moist, 
open ravine, Cascade Glen, 6336 (M, G, Mo, Mn, F, P, W, H) 

Cabex Buxbatjmii Wahl (C polygama Schkuhr) — Probably fre- 
quent in sandy marshes South shore of Base Line Lake, 601$ 
(M, H) 

Cabex substhicta (Khkenth) Mack — Marsh south of Cav- 
anaugh Lake, 6313 (H) 

Carbx viRinuLA Michx (C Oedert Retz var pumtla (Cosson & 
Germain) Fernald) — Locally plentiful South shore of Cav- 
anaugh Lake, 6347 (M, Q, N) 

Carfx B08THATA Stokes — Marshy shore of Second Bister Lake, 

emi (H) 

JuNcus macbb S F Gray var WiixiAMan (Fernald) lemald (/ 
ienute of recent manuals, not Willd , var WtUianmt Fern ) — 
Frequent m stenle soli Shanghai Pit, 6366 (G, Mo, H) 
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Juvcus Errusus L var solutus Fernald & Wirgand — Common 
m marshes Gcddes, 0^70 (M, G, P, H) True J effusu ^ does 
not occur, so far as known, in America 
JuNCTJS BRACK ycBPHALOS (Liigelm ) Buch — Common on sandy 
shores and in marshes Silver Lake, 6429 (M, G, K, P, F, H), 
Huron Rnor Drive, two miles east of Ann Arbor, 04^2 (M, 
W, H) 

JuNCUB ACUMINATU8 Michx — Apparently local AVot sandy 
shore of Third Sister Lake, 6444 (M, G, H) 

JuKcus ALPINUS Vill \ ar fuscescens ternald — Wet, sandy 
shore of pond, Silver Lake, 04^4 (M, H) 

JuKctrs ALPINUS Vill var rakiflorus Hartm (J alptnus \&r 
instgms lories) -* Frequent on wet, sandy shores C^avanaugh 
Lake, 6iS4^ (M» G, N, P, F, II) True J Vill has not 

been found m Michigan 

JuNCUB ARTicuLATiTs L var OBTUSATUS PJiigelm — Sandy w<st 
shore of Whitmore Lake, 64S^ (M, H) The southernmost 
record for Michigan 

Luzula campestris (L) D(' var multzflora (Lrhr) Celak — 
Common on oak slopes Nichols Arboretum, Ann Arbor, 6009 
(H) Typical L caffipenlns is Eurasian 
CoKALLOKKHiZA MACULATA llaf — Woods west of Chclsea, 6422 1 

(H) 

Salix itosTBATA Richards — Swamp bordering West Lake, 1666 

(M) 

Betula PUMiLA L — Swamp bordering Cavanaugh Lake, 6238 

(P, H) 

Polygonum Pehsicaria L — Common m waste ground Pontiac 
Road, Ann Arbor, 1262 (M) 

Alyssum alyssoides L — Frequent in clearmgs Stembach 
Woods, 1064 (M), Delhi, Barton Dam, Ann Arbor, II 42 (M) 
Sisymbrium Tkahanum (L ) J Gay — Waste ground, southern 
bank of Huron River, Cedar Bend, 6 S (M) First noted hero m 
1926, now rapidly spreading and becoming frequent 
Draba heptans (Lam ) Fern var micrantha (Nutt ) Fern (D car<h 
hnuzna Walt ) — Sandy field near Base Lino l^ke, 6010 ^ (H) 
Armoracu busticana Gaertn (Radicula Armaracta (L) Robin- 
son) — Occasionally escaping and persisting along roadsides 
Nichols Arboretum, 1164 (M) 
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Cardamine PENNBTLVANiCA Muhl — Rare Stream bank m woods, 
Hickory Flats, BS80 (M) 

Sedum tkbnatum Michx — Abundant on wooded slope of Huron 
River west of Pontiac Road, Ann Arbor, 11$7 (M) 

Ribes amebicanum Mill {R flondum L’H^r) — Apparently spon- 
taneous in thickets, Nichols Arboretum, 185 (M), BS98 (M) 
Ribes nighttm L — Occasional Cady's Corner, 1059 (M) 

Pyrub coronaria L — Frequent m open woods Cascade Glen, 
Nichols Arboretum, Cedar Bend, 139 (M) 

Pyrus melanocarpa (Michx ) WiUd — Frequent m moist woods 
and swamps Cady^s Corner, lOGl (M) 

Qxvu LACiNiATUM Murr (G vtrgtmanum of recent authors, not 
L ) — Wooded bank of Huron River west of Pontiac Road, Ann 
Arbor, 1833 (M) 

Rimos occidentalis L — Frequent Woods west of Packard 
Road, Ann Arbor, 1800 (M) 

Rubus 7LAGELLARI8 Willd (R mllomsAit) — Shore of West Lake, 
1158 (M) 

Rosa betiqera Michx — Thicket near University Hospital, Ann 
Arbor, 1338 (M) 

Roba PALTJ8TBI8 MsTsh Marsh, Third Sister Lake, 1377 (M) 
Pruntts viroiniana L — Common in thickets and on stream banks 
Nichols Arboretum, Cascade Glen, 186 (M) 

Euonymus atropurpureus Jacq — Roadside thickets Hickory 
Flats, 8388 (M) 

Viola bosthata Pursh — Third Woods, southwest of Ann Arbor, 
113 (M) 

Vaccinium corymbosum L — Swamp, Cady's Comer, 86 (M) 
•Anchusa omciNAUS L — Waste ground, Ann Arbor, 1480 (M) 
Plantago cordata Lam — Hickory Flats, 8387 (M) 

Galium labradobicum Wiegand — Swamp, Cavanaugh Lake, 
1716 (M) 

Gauum Claytoni Michx — Marsh, Third Sister Lake, 1379 (M) 
Viburnum Lsntago L Fairly common Edge of woods, Cas- 
cade Glen, 167 (M), Nichols Arboretum, 16$ (M), 938 (M) 
Valeriana OFFiaNAUs L — Roadside, Geddes Ave , Ann Arbor, 
1195 (M) 

Campanula uuqxnosa Rydb — Marshy shore of Third Sister 
Lake, 1378 (M) 
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SoNCHTTs OLBRACEUB L — Occasional Field northwest of Nichols 
Arboretum, HI 5 (M) 

Xanthium italicum Mor (X commune Britton) — Frequent Cas- 
cade Glen, 1609 (M) 

Vernonia altibsima Nutt — Edge of low i^oods, Nichols Arbore- 
tum, 643^6 (M, N, H) 

AiiTEMisiA Abbinthfum L — Michigan Central Railroad siding 
north of Ann Arbor, 1SS7 (M) 

Qalznbooa ciliata (Raf ) Blake {G parvijlora Cav var kxsptda 
DC ) — Common on lawn extensions and waste ground Geddes 
Ave , Ann Arbor, 993 (M), 1^93 (M) 

Univshsitt op Michiqah 




NEW OEDOGONIA C^OLLECTED IN CHINA III * 

CHlN-CniH FAO 


I N THE last two volumes of this publication (19 83-92, 29 '>7-63) 
the writer described twelve new sptcuH and varieties of Oedogo- 
mum from China This paper oonlams descriptions of seven new 
kinds, which were tolhcud at Pa Ilean and Ohiangpei, stations in 
East Szechwan, West C hina, by Miss C him Jao, Mrs S I>ung, 
and Mr P C Chni The chief fit us of these districts an Chung- 
king and Chinngjjei, new which the presi nt group of new species was 
gathered They wen collected on rue farms, one was also found in a 
well 

The writer’s ch^scriptions of hew species and varieties during the 
last two years are the first loports upon the algal flora of this region 
In etveral years of collecting he has n cognized about seventy int ru- 
bers of this genus from Szechwan, including new and known specus, 
varif ties, and forms It is proi>ostd to publish later on a monograph 
of these plants 

Oedogonium parvum, sp nov 

(Tab XI riRg 1 2) 


(ledogonium monoicum, oogouiis singulis, dt presso-globoais, 
poro superiore ai>eitis, nrniforinibus, oospons forma oogoniis simi- 
hbus et ea plane complt ntibus v<l fere comph ntibus, membrana 
sporae laevi, anthendus 1- vel 4-&eriatis, hypogynis, subtpigynis \d 
sparsis, sperrnatozoidiis singulis, cellula terminal! obtusa, ccllula 
basali Icviter tumida 


CcUulae vegt^tativoe 

OogoniA 

Ooaporao 

Cellulae antbendii 


3 2-6 4 ti diam , 0 6-29 0 fA lotig 
17 0 19 0 M diam , 13 0 16 0 /i long 
10 0-17 0 n diam . 11 0-13 0 m long 
3 2-6 4 /* diam , 3 2-6 4 g long 


Monoecious, oogonium solitary, depressed-globose, pore superior, 
nmiform, ottsporo of the same form as the oogonium and filling or 

• Papers from the Department of Botany of the University of Michigan, 
No 539 



90 


Chtn-Chth Jao 


nearly filling it, spore wall smooth, anthendia 1-4, hypogynous, 
subepigynous or scattered, sperm 1, terminal cell obtuse, basal cell 
slightly tumid 


Vegetativo oelU 
OOgoma 
OOapores 
Antherldlu 


32'-6 4 ^dtam, 9 6-20 Oju long 
17 0-19 0 ti diam , 13 0-16 0 m long 
16 0- 17 0 M diam , 11 0-13 0 m long 
3 2*6 4 tx dxam , 3 2-6 4 fx long 


This species is characterized by small size and superior pore, 
which distmguish it from the related species Oedogromum cryptoporum 
Wittrock and Oe cryptoporum Witt rock var vulgare Wittrock 

Collected on a rice farm near Tzfi-Ch’i-Kuo, a market town, 
about seventeen miles west of Chungking, Szechwan, West Chma, 
December, 1933 The filaments are scattered m Oedogomum denit- 
reitculatum Jao, Oe etiectum Wittrock, and Mougeotta parvtda Hassall 
Tyiie in C C Jao collections and Herb Uiuv Mich , No S144 


Oedogonium chungkmgensef nom nov 

{m Oe cymaioepmum Wittrock & Nordstedt 
var chunghttigenae Jao, 1934) 

The dimensions of Oedogomum churykiugenee Jao are much smaller 
than those of Oe cyvfUsdoBporum Wittrock & Nordstedt The differ- 
ence is so great that it seems better to give these Chmese plants 
specific rank A related species, Oe evhcymatosporum Jao, was found 
in the writer's collections from Chungking, it is quite similar to this 
species, but Oe suheyrnatosporum has much larger dimensions of its 
vegetative cells, which are only 1''2 diameters in length, and also the 
median spore wall is densely punctate 

Oedogonium aubcymatosporum, sp nov 

(Tab XI, Pigg 3-6) 

Oedogonium monoioum, oogoniis 1-3, subglobosis vel depresso- 
globosis, poro mediano apertis, rimiformibus, oosporis depresso- 
globosis, matmitate fusoescente, oogonia oomplentibus vel fere com- 
plentibus, inembranatrip2iei,mcsosporiodensepunotato, anthendiis 
1- vel 3-oellularibu8, hy^gyms, subepigynis vel sparsis, spermato- 
Koidiis singulis, cellulta vegetativis plerumque diametro semel \el 
bis longionbus, eellula termmah obtusa 
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Odlulae r6g«tativae 
Oogoni& 

Oosporae 

Cellulae antberidu 


8-15 pt diam , 10-29 /x long 
22-26 M diam , 14-22 fx tong 
19-24 pL diam , 13-18 ju long 
7“ 10 /u diam , 6-8 fx long 


Monoecious , oogonia 1“3, subglobose or depressed-globose, pore 
median, nmiform, obspore depressed-globose, yellowish brown at 
matunty, filling or nearly filling the oogonium, spore wall of three 
layers, median layer densely punctate, anthendia 1-3, hypogynous, 
subepigynous or scattered, sperm 1, vegetative cells usually 1-2 
diameters long, terminal cell obtuse 


Vegetative cells 
Odgonia 
OOspotvs 
Anthendia 


8 15 M dbim , 10-29 fx long 
22- 26 M diam , 14-22 /x long 
19-24 pi diam , 13-18 /i long 
7-10 pi diam , 6-8 m long 


This species is nearest Oedogomum egmatosporum Wittrock & 
Nordstedt and Oe chungkirigenae Jao It differs, howeter, from the 
first m having smaller dimensions of all cells, from the second, m its 
greater siae, especially the vegetative cells and anthendia, and from 
both m usually having the vegetative cells only 1-2 diameters long 
and the median spore wall densely punctate 

Collected on a nee farm near Chungking, August, 1930 The 
filaments are scattered m vegetative plants of Zygnomataceae Type 
in C C Jao collections and Herb Univ Mich , No S323 


Oedogonium calosporum, sp nov 

(Tab XI, Figg 11-12) 


Oedogonium dioicum, macrandrium, oogomis 1-2, obovoideo- 
globosis vel obovoideia, poro supenore apertis, oospons globosis vel 
subglobosis, oogomis non conformantibus, ceiluHs suffultonis cylin- 
dricis, membrana sporae tnphci, epispono scrobiculato, anthendiis 
1- vel 2H3eriatis, spennatozoidiis bmls, diviaione honzontali natis, 
oeliula terminali obtusa, cellula basal! subtihter tumida 


OeU veg platita ma«c 

Cell veg , plonta fern 

Oogoma 

Oosporae 

Cell aniheridii 


10-13 M dism $ 48'108 fx long 
n-16 M diwn , 48-70 m long 
35-41 fx diam , 41-48 M long 
30-32 fx diam , 32-35 fx long 
13 fx diam , 18 pi long 


Dioecious, macrandrous, oogoma 1-2, obovoid-gioboee to obo- 
void, pore superior, obspore globose to subglobose, not fUlmg the 
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obgouiuni; spore wall of three layers, outer spore wall scrobiculate, 
antheridia 1-2, sperms 2, division horizontal, terminal cell obtuse, 
basal cell slightly tumid 

Vegetative cellB, male plant 10-13 p dmm , 48-108 m long 
Vegetative cells, female plant 11-16 p dmm , 48-76 m long 
O^onia PL diam , 41 48 pL long 

Oospores 30-32 p diam , 32-35 /u long 

Antheridia iHpdiamt 13 m 

This species w nearest Oedogoynum punoioinm Wittrock, but differs 
from it m havmg smaller dimensions of all cells, and odspores not 
filling the oOgonium and m being mostly glolwise 

Collected on a nee farm, Hsiao- Lung- Kan, a small market town, 
about fifteen nliles west of Chungking, No\enibtr 4, 19d4 Mixed 
with Oedogonium crispum (Hassall) Wittrock var gracileacena Witt- 
rock and Oe intermedium Wittrock, the filaments are attached to 
rotten leaves of water grasses Type in C C Jao collections and 
Herb TJniv Mich , No S633 


Oedogonium subrupestrO) sp nov 

(Tab XI, Figg 6-10) 


Oedogonium monoicum, oogonus smgulis, raro bims, obovoideo- 
globosis vel obovoideis, operculo apertis, circumscissione suponore, 
oQSpons oogonus conformantibus et fere complentibus, membrana 
laevi, anthendiis 1- vel 4-cellulanbug, subepigynis vel sparsis, sper- 
matozoidus bmis, di\isione horizontali natis, cellula tormmali acu- 
minata vel sctiformi, seta hyalina, frequenter 288 m longa, cellula 
basalt ieviter tumida 


GelluUc vegctativac 

Oogonia 

Oosporae 

OUulae antheridil 


17-24 pL diam , 2&-86 long 
41 -45 M diam , 48*-52 g long 
38-44 p, dmm , 40-50 p long 
16-19 p diam , 6- 10 g long 


Monoecious, odgonium 1, rarely 2, obovoid-globose to obovoid, 
operculate, division superior, odspore the same as the odgonium and 
nearly filling it, spore wall smooth, anthendia 1-4, subepigynous or 
scattered, sperms 2, division horizontal, terminal cell acuminate 
or extended into a long hyalme seta up to 288 fx long, basal cell 
slightly tumid 
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Vegetative oells 
OOgonia 
Oospores 
Antheridia 


17-21 ju diam , 2’5-8r) loug 
41-45 fji diain , 4il-52 ^ long 
38r-44 n diam , 46 50 ^ long 
16-19 M diam ^ 5 10 long 


This new species is nearest Oedogomum rupeMre Him and its 
form paeudoaiUumnale Him It differs from them, however, in hav- 
mg lesser dimensions of all cells, the oospores not globose in form, 
and the terminal cells acuminate or sctiform 

Collected on a rice farm near TzU-ChVKou, a market town, 
about seventeen miles west of Chungking, December, 1933 The 
filaments are scattered in Sptrogyra Hasmlhi (Jenn ) Petit, S cylin- 
dnea Czurda, Zygnema cannthtacum B( ck, Vaucheria ^essihs (Vauch ) 
De Candolle, and Oedogomum maerandnum Wittrock var propin- 
quum (Wittrock) Him Type m (’ C lao collections and Herb 
Umv Mich , No 8103 


Oedogonium dentireticulatum, sp nov 

(Tab XII, Figg 1-3) 

Oedogomum dioicum, nannandrium, gynandrosporum, oogomis 
sohtarus, subglobosis vel transverse tel longitudmahter depresso- 
globosis, poro mediano vel inframediano aportis, oospons forma 
oogomis simihbus et (a oomplentibus, episporio iiregulariter ot 
mterrupte reticulato et dentate, dentibus a reticulis dilatis ot Ion- 
gitudme mutabihbus, cellulls suffultorus plus minusvt tumidis, 
androsporangus 1- vel 2-soratis, sparsis, nannandnbus in cellulis 
suffultorus sitis, stipite paululum turvato, anthcridiis extenoribus, 
1- vel 2-oellularibus, filomentis saepc basl et apice gracilioribus, col- 
lula terminal! obtusa, cellula basah abbreviata et tumida 


Oellulae vegetativae 

10-16 (-19) p diam , 

41 96 

P long 

Oogoma 

42 55 

p diam , 

48-68 

p long 

Ooeporae (cum dentibus) 

39-62 

p diam , 

, 45-52 

p long 

Cellulae suffultoriae 

10-23 

p diam , 

,55-64 

p long 

Andrcwporangia 

15-16 

p diam , 

, 16-20 

p long 

Nannandns etipec 

6-10 

p diam , 

, 10-26 

p long 

Cellulae antherldil 

5-6 

p diam , 

, 6-8 

p long 

Cellulae baealea 

13-18 

p diam , 

,37-58 

>ilong 


Dioecious, nannandrous, gynandrosporous, obgonium solitary, 
BUbglobose to transversely or longituduially depressed-globose, pore 
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median or inframedian, odspore of the same form as the oOgonium 
and Ming it, outer spore wail irregularly and interruptedly reticulate 
and echmate, teeth spreadmg out from the reticulations and varying 
in length, suffultory cell more or less swollen, androsporangia 1'2, 
scattered, dwarf male on the suffultory cell, stipe a little curved, 
anthendia extenor, 1~2, filament often more slender at tip and base, 
terminal cell obtuse, basal cell shortened and tumid 


Vegetative oejla 
OC^nia 

OCsporea (with teeth) 
Suffultory oclU 
Androflporangta 
Male Btipoe 
Anthoridia 
Basal cells 


lO-'lS (-19) iA dlam , 41-96 p long 
42-55 fi diam , 4S-58 fi long 

39-52 fi dtam , 45-52 m long 

19-23 M I 55-64 fi long 

15-16 n diam , 16-20 m long 

S' 10 ^ diam , 19-26 m long 

5-6 fi diam , 6-8 jit long 

13-18 >1 diam , 37-58 m long 


This IS the only known species which has the outer spore wall 
combining the characters of reticulations and teeth 

Collected on nee farms near Tsti-Ch'i-Kou, a market town, about 
seventeen miles west of Chungking, December, 1933 (S106, S144, 
and SI 54) The filaments are scattered in Oedogonium enspurn (Has- 
sali) Wittrock, Oe anectum Wittrock, Oe Landshoroughi (Hassall) 
Wlttrock, Oe parmm Jao, MougeoUa parvula Hassall, M scalane 
Hassall, Sptroffyra Spreetana Rabenhorst, and Zygnema canrUhutcum 
Beck Tj^mC C Jao collections and Herb Umv Mich, No S164 


Oedogonium spiralidene Jao f amplum, f nov 
(Tftb XII, Figg 4 6) 


Forma mensuris oellularum omnium maionbus et dentibus 
oosporae dcnsionbus longionbusque quam in forma typica, ahter ut 


in specie 

Cellulao vegetativM 
Oogonia 

Ooflporae (cum dentibus) 
Cellulae suffultorUe 
Nannandns stipes 
Cellulae antheridli 


16-26 M diam , 38-87 y long 
58-58 M diam , 50-58 m long 
50-55 M duum, 45-55 m long 
26-85 y. diam , 57-77 m long 
18 fx diam , 40 m long 

7 ? 


This form has the dimensions of all cells greater and the teeth ol 
the odspore membrane denser and longer than m the typical form, 
it la otherwise hke the species 
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Vegetative cells 
OOgonia 

OOflporcB (with teeth) 
Suffultory cells 
Male stipes 
Anthendia 


16-26 M diam » 38* 87 m long 
53-58 ^ diam , 50-58 long 
60-65 M diam , 45-55 fx long 
26-86 n diam , 67 77 m long 
13 M diam , 40 ju long 

? ? 


Collected on a rice farm near Tztt-Ch’i-Kuo, a market town, 
about seventien miles west of Chungking, December, 1938 Fila- 
ments mixed with many other filamentous algae Type in C C 
Jao collections and Herb Umv Mich , No S106 2 


Oedogonium crassidens, sp nov 

(Tab XII, Figg 6-8) 

Oedogonium dioicum, nannandnum, oogomis singulis, depresso- 
globosis, poro supenore apertis, oosporis forma oogoniis similibus ct 
ea complentibus, membrana oosi>orarum tnphci, eplspono sub- 
tiHter granuiato, costato, oostis spiralibus 4-7 margimbus valide 
denticulatis, anastomosantibus m polls, mesospono laevi, cellulia 
suffultonis tumidis, nannandnbus paululum curvatis, m oogoniis, 
anthendiJs extenoribus, 1- vel ?-cellularibus, cellula terminah obtusa 


Cellulae vegetativae 
Oogunia 

Ooaporao (cum dt nlibuB) 
Ccllulae euffultoriac 
Nannandris stipes 
Gellulae anthendii 


13 22 /A diam , 25-00 g long 
48 64 /i diam , 41-61 g long 
45-68 M diam , 38-48 g long 
20-32 g diam , 32-68 g long 
12-13/1 diam, 32 /i long 
0 10 /A diam , 8-12 g long 


Dioecious, naiinandrous, oogonium solitary, depressed-globose, 
pore superior, odspore of the same form as the odgonium and filling 
it, spore wall of three layers, outer wall granulate and marked by 
4-7 spiral nbs uniting and anastomosing at the pole, the edge of the 
nbs strongly dentate, suffultory cell tumid, dwarf male slightly 
curved, on the oogonium, anthendia exterior, 1-?, terminal cell 
obtuse 


Vegetative cells 
OOgonia 

OCsporee (with teeth) 
Suffultory oella 
Male stipes 
Anthendia 


13-22 /A diam , 26-90 /a long 
48-64 /A diam , 41-61 /t long 
46-68 M diam , 38-48 /a long 
29-32 /A diam , 32-58 fi long 
12-13 fx diam , 32 /a long 

9-10 /A diam , 8-12 fx long 
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This species Is characterised by the depressed-globose o5gonia and 
oospores, the granulate and dentately ribbed outer spore wall and 
the smaller vegetative cells, which distinguish it from the nearest re- 
lated species, Oe ateUatum Wittrock 

Collected in a well near Lm-C hia-T^an, a suburb west of Chiang- 
pci, December 12, 1933 (S555), on nee fanns near Hsian-Kuo- 
Shih, about seven miles west of Chiangpf i, December 27, 1933 (S566 
and S582), on a rice farm, Li-Tze-Pa, about 8e\cn miles west of 
Chungking, May, 1934 (S621) hilaments scattered among many 
other filamentous algae Tyjie in C C Jao collections and Herb 
Unn Mich , No 8623 

ITnivkhsitv or Michigan 


EXPLANATION OF PLATE XI 

Figs 1-2 Oedoffontum parvum, np nov (X 360) Figure 1, a fruiting filament 
with five ocigonia and two anthendia, Figurt 2, an upper part of the filament, 
showing a mature o<^nmm, a bypogynoua antheridium, and the obiuae 
it rmmal cell 

Figs 3 3 Oedo^ontum aubeymatoaparum, sp nov ( X 360) 1* igure 3, part of the 
filament, showing three f^uics of oCgonia, Figure 4, part of the hlament with 
two aeriee of oOgonia and one Hcries of hypogynoua anthendia, Iigure 5, an 
upper part of the filament, showing the obtuse terminal cell 

Figs 6-10 Oe<hgontum aubruptfatre, ap nov (X 360) l*tgure 6, part of the 
filament, nhowmg two oogunia and two aubepigynoua antheridia, Iigure 7, 
part of the filament, with two norica of anthendia and one mature oCgonmm, 
Figure 8, an upper part of the filament showing the terminal cell extended 
into a long sets, Figure 9, an acuminate terminal cell, Figure 10, basal cell 

Fios 11-12 Oadoffontum calos^porum sp nov (X 360) Figure 11, part of the 
filament, with three mature o<^gonia, Figure 10, part of the male filament, 
showmg two series of anthvndia 





1 XPLANAHON ()l XII 

i icjH 1 6 Oetiogfmmm ilrnttrettcuf tluin 8p nov 1 i(Eim 1 (X 3tt0) part 

of tht hlamtnt shiivMHK an otiKuniuni mfli iin luframt^ftan pore and con- 
tamtUK tnutun t>6Mpor< an i*«ilHfcd andro'jporangium adaarfmalt on tiu 
Hufftdtorv ccl] atid a tuinid baaat C( II, f igurf 2 (X 3b0) part of tin filament 
with tuooogontaof difTfnnt form tlu fumtd KUlTulton r^llaamJ t«od»atf 
ti»ai<a ligur<d(X 1 500) part of tb# m«turooOHf«MO, ahowingthodinUiteh 
ri litulatr outer «pon n«U 

1 nm 4 I a/nroftdrna Jiu) forma rtW/>fu»i f n<»v I* igurp 4 ( X dOO) 

part of the filaiiicnt Klmuntg tao mature entgonia and a dnarf male on the 
iuilIultor> evil, figure » (X I »00) part eif the mature oo#(jTeire ahem ing the 
dentatolv ribbeel and granulate out* i «efa»re uaiJ 

Iiejtt (J H (hdof/imium e*/ eimt/owe **p no\ Pigurt t) (X 360) pari of tlu hla 
menl \Mthad\>arf male em the mature f»e>gonium, Figure^T (X dOI) part of 
the hianunt with two ileprtKsrd-glolMme euigoiua, Figure b(X I ">00) part 
of the ntatute exiHfKire, eiheming the oeit t wpeire wall with ati » i^K tootheel 
nhw anel fim granule 





NOTES ON NEW OR UNUSUAL MK'HI(;AN 
DISCOMYCETES IIT ♦ 

BESSIE B KANDLSE 

T his paptr lists t\vcuty-ti\c species of J3isLom>ct ti s, |\\( ot v-four 
of which are new records for the state Hoia Om lu w sprtus 
and one new combination are included ApoHteniuhum ohconic^itn ^ 
sp nov , and Ilumannn mbaenitimmersa (v H ) Kanouse 

All collections cited ha\f bc'en determined hy the aulhor and aie 
preser\cd m the Herbaiium of the University of Michigan 

Grateful acknowledgment is given fo Di E B Mams for the 
photographs 

Lisi oi< SptClIB 

Apostemidium obeomeum, sp nov * (Pi XIII, Figs 1-3) Apolhecia 
gregarious, short-pedicf Hate, cylindric to cone-shapf d, 1 5 2 mm 
high, 0 5-0 75 mm wide, tapering graelually downward to a 
narrow stalkUk( basal attachment, ghsti ning white throughout 
when fresh, drying white rarely with a slight ochraceous tint, soft, 
waxy, subgi latmous, e xciple thick, composed of large, thick- 
wallcd, isometric, hyaline cells, hypothecium reduced to a small 
central eore of thin-wallid hyaline hyphac, h>^nenium plane, 
bordered by a fringe of delicate excipular cells, more or less 
evanescent, asci long, cylindric, narrow, 8-sport d, spores m a 
parallel fascicle, 180 250 X 9 ascus pore colored faintly blue 
with iodine, spores long-filiform, hyaline, rnultistptate, curved, 
frequently S-shaped, 140 200 X 1 1 5 Mi forming a silky fluff 
over dry apothecia, paraphyses simple, unbranched, slender, 
abruptly clavate above, reaching 4-6 p at the apex 

• Papers from the Department c>f Botany and the Herbarium of the Uni 
versity of Michigan, No 537 

‘ ApoctemieUum obcooicum, 8p nov — Apothecus breviter atipitatia, margi- 
natfs, cylindnoiB vel ooniois 1 ^2 mm altis, 0 6-0 75 mm latis uitenter albia, 
diaex) piano, aacis cylindricia, tenuibus, S^pons 180-250 X 0 p, spondim 
filifomUbus, hyaliuiM, arcuatia, 140 200 X 1-1 5 ^t, paraphysibua bimplicibuei, 
gracilibua, parte supenore abmpte Uavatifl, apioe uaque ad 4-6 p diametro 
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On old sticks of ChaTnaedaphne calyculcUa (L ) Moenoh , buried 
from 3 mches to 2 feet in sphagnum and d6bns at bases of 
Chamaedaphne busheSi Mud Lake Bog, Whitmore Lake, May 
28, 1933 Type collected by A H Smith, J L Lowe, and J B 
McFarland (S 33-105) * 

The genus Apostemidium was erected by Kars ten (10) The 
apothecia are sessile or turbinate, whereas in Vibrissea, a closely 
related genus, the apothecia are seated upon a very definite stalk 
Durand (2) recognised two North American species of Apos- 
temidium A Giiemtsact (Cr ) Boud and A mbnaseotdes (Pk ) 
Boud The apothecia in these two species are broadly sessile, 
and the outside of the apothecia is dark-colored Through the 
kindness of Dr H D House, curator in the Herbarium of the 
New York State Museum, I have had the opportunity to examine 
the type of A vxbnssemdes Illustrations in Plate XIII show the 
sinking difference between Peekes species and A obcontcum 

In reviewing the literature and examining the illustrations of 
Apostemidium species, I found only one reference to plants with 
light color and to the presence of a stalk Lagarde (11) desenbed 
the fully developed fungus that he called A tfibnssemdeSf as hav- 
ing a short pedicel, which was sometimes reduced to a black at- 
tachment, and a white to ivory or pale ochraceous color It 
seems fairly certain, although his brief description prevents one 
from drawing definite conclusions on the matter, that he was ob* 
serving a fungus very like A obeomeum rather than A vibnese^ 
aides His account of the morphological development in his fungus 
agrees with that seen in A abcontcum Phillips (15) likewise de- 
scribed the development of Vibnssea turbinata {A inbnsse<ndes)t 
which is similar, as is also the species of Durand's account (2) 
Their observations and my own on A obcontcum are alike m the 
following respects The first appearance is as a small, oomcal 
protuberance, which in maturity possesses a small central struc- 
ture of parallel hyphae surrounded by a thick layer of isometric 
excipular cells The hymenium is plane and is bordered by a 
fra^e remnant of the excipular cells The characters of the asci, 
spores, and paraphyses are similar 

A comparison of A obcontcum with the published species 

* The letterB M and 8 used with the ooUection numbers refer to the ooUeo- 
tors, £ B Maine and A H Smith, respectively 
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dbowB clearly that it cannot be considered any of these The 
white color throughout, together with the extreme turbmate shape 
of the fungus, which takes on the appearance of a definite stalk 
in dried apothecia, are the chief distinguishing characters A ob- 
contcum forms a transition species between the genera Aposte- 
midium and Vibnssea 

BKiiONiDiTTH JUNCisKDUM (Karst ) Rehm — On dccaymg Scirpus sp , 
Trout Lake, Aug 24, 1933, E B Mams (33 478) 

CoRYNE BOLiTARiA Rohm — On a rottmg log and on sticks m running 
water, Big Bay, June 13, 1933, Mams (33-'324), Harbor Springs, 
Aug 17, 1933, Smith (^3-^68) The plants m these collections 
are well described by Rehm (16) 

Httmarina rusxBPORA (Berk ) Seaver — On rotting leaves, Mar- 
quette, Sept 9, 1933, Mains and Smith (M 33-633) This species 
is easily distmguished by the large fusoid spores 

Humarina Bubsemiimmersa (v H ) Kanouse, comb nov — On de- 
caying leaves of Populua sp , Pinckney, July 2, 1931, Smith 
(31-1178), on rottmg leaves in a cedar swamp, Cross Village, 
Aug 19, 1933, Mams (33-442) This is a small fungus with con- 
spicuous paraphyses They are long, slender, and flexuous, and 
bent at the tips In this they resemble paraphyses found m the 
genus Otidea They are filled with a substance that gives them 
a rust-brown color Von H6hnel (4) called the fungus Humana 
avbaemtimmeraa 

Hyalinia crenato-marginata V H — On wet decaymg logs, 
Stockbridge, July 9, 1930, Smith (31-1180), Harbor Sprmgs, 
June 3, 1933, Smith (33-120), Harbor Springs, Aug 18, 1933, 
Mains (33-426) This fungus is exceedingly small, measurmg less 
than 600 ju in diameter The asci are only 25 m hi length and the 
apores are correspondingly small, X 0 5-1 /i They are 
somewhat thicker at one end and are slightly curved The para- 
physes are very characteristic m appearance in that they are 
tipped with an amorphous substance which comes off easily in 
water and leaves the usual saucer-shaped enlargment at the apices 
A superficial exammation gives the impression of the existence of 
an epithedum Von HOhnel (5) has given a good description of 
his species 

Htaiijnu bobella (Qu 61) Boud — On decaying log, Emerson, 
Aug 25, 1933, Mams (33-484) This species also has a covering 
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of granular material at the surface of the hymemal layer Our 
specimens agree well with the description and the illustrations 
given by Boudier (1) 

loNOMiDOTis mnKouLARiB (L V S ) Durand — Among moss on 
rotting logs, Newberry, Aug 30, 1933, Mams (33“'564) , Munising, 
Sept 7, 1933, Mams (33-620) Tins interestmg species was fully 
described and discussed by Durand (3) It was there reported 
for the eastern United States only These collections from north- 
ern Michigan establish a midwestern station, and a collection in 
the University Herbarium made at Mt Hood, Oregon, Oct 10, 
1922, by L E Wehmeyer, extends the limits of distribution to 
the Pacific Coast This genus seems to have escaped the notice 
of botanists, since reference to it is lackmg m some of the well- 
known sources where one might expect to find it mentioned The 
species IS distinguished by means of the purple color that appears 
when a specimen is crushed m water, and by the colored, decidu- 
ous, lance-shaped heads of the paraphyses 

Lachnflla papillabib (Bull ) Karst — On submerged sticks m a 
sprmg brook, Au Tram Falls, Au Tram, Juno 6, 1933, Mams 
(33-84) Our specimens fit m all respects the descnption given 
by Rehm (16), with the exception of the length of the asci They 
measure slightly longer m our specimens than they do in those 
exammed by him The very large crystals at the ends of the 
hairs are a help in recognising the species 

Lachnum sulfurettm (Pers) Rehm — On decaying stem^ of 
Thalictrum dasycarpum Fisch & Lall , Cross Village, Aug 21, 
1933, E B and E E Mams (M 33^68) The apothecia are 
stngose with \ery long, rough hairs which give a sulphur color 
to the cups The reaction to ammonia is hke that given for L 
leucophaeum (Pers ) Rehm m that the yellow color disappears 
with its use, whereas the hau^ of L aulfureum are said to turn 
blue The spore siae given by Boudier (l)is 20- 28 X 16 - 2^1 
Rehm gives 8-10Xl6-2iu The spores of our plants meas- 
ure 18-22 X 1 5-2 M Evidently specimens that are passing 
under the names of these two species of Laohnum need careful 
study 

Laetinaevia rosklla (Rehm) Nannf — On overwmtered stems of 
hnpaitena ap lying in wet piles on bank of Huron River, Dexter, 
May 10, 1^, Kanouae, Mains, and Smith (M 33-674) This 
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fungus was found in abundance and, though small, was con- 
spicuous by the bright salmon color of the apothccia when wet 
Nannfeldt (12) has established the genus Laetmaevia and has 
transferred to it parts of several other genera, among which are 
species of Orbiha and Calloria L rosella has appeared under these 
two genera, but seems more correctly referred to Laetmaevia, 
as proposed by Nannfeldt 

Lampuospoka polytrinchina (Rehm) Sea\ er — On wet sand in 
moss, Newberry, Aug 30, 1933, Smith and Mams (M 33-554) 
This species was collected by Dr C H Kauffman at South Hav en, 
July 10, 1910 So far as known these are the only reports from 
the state 

Microscypha GRIB ELLA (Rchm) H and P Sydow — On old wood, 
Au Train, Juno 12, 1933, Smith (33-434) This is a minute fungus 
The apothecia measure less than 4 mm m diameter The genus 
is distinguished m part by the type of hairs that cover the apo- 
thecia They are tipped with hemispherical knobs Nannfeldt 
(12) places the genus in the family Hyaloscj^ihaceae The species 
has been reported only on old fern fronds, however, our plants 
agree perfectly with the description of those reported on this 
substratum and also with the specimens examined in Sydow's 
Mycotheca Germanica Nos 84, 1004, and 1632, and in Krieger^s 
Fungi Saxonica No 92 Since our fungus cann 9 t be separated on 
any basis other than that of substratum, it is not possible to con- 
sider it a different species 

Mollibia microcarpa (Fuck ) Sacc — On wood of Alnv^ sp lying 
m water. Big Bay, June 13, 1933, Smith (33-^447) Marquette, 
June 15, 1933, Smith (33-495) 

Niptera discolor (Mont A Fr ) Rehm — On old wood in running 
water, Wagner's Falls, Mumsing, June 9, 1933, A H Smith 
(33-225) This fungus is characterized by the dark exterior of 
the apothecia, together with the size 6f the apothecia and the 
positive reaction of the ascus pore to iodine 

Paxina bubclavipes (Rehm) Seaver — On dung, Dexter, July 22, 
1929, Kanouse, on soil, Marquette, £ E Mams and A H Smith 
(S 33^) 

Pezizella Teucrh (Puck ) Rehm — On wood of Alnua ap , Rock 
River, Aug 28, 1927, C H Kauffman This species closely re- 
sembles an Orbiha, and might easily be confused with a species m 
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that gonus Von Hdhnel (7) has pointed out that it probably 
represents a transitional form 

Pezizeli^aster transienb V H — On wet, rotting wood, Pinckney, 
July 4, 1930, Smith (33-1179) The specimens m this collection 
are perfectly described by Von Hohnei (6) The genus is included 
by Nannfeldt (12) m the HyaloscyjJiaceae It is characterized 
in part by the marginal hairs, which are fastened together in 
toothlike fascicles 

Sepultabia ABENOfiA (Fuck ) Boud — On wet sand, Hulbert, Aug 
27, 1933, Mains and Smith (M 33-521), Newberry, Aug 30, 
1933, Mams and Smith (M 33-553) 

Sepultaria pellita (Cke <& Pk ) Seaver — In soil among mosses, 
Porcupine Mountains, E B and E E Mams (M 33-647) This 
species was found m quantity, partly to completely buried in the 
soil 

Tapbsia MBLALEucoiDES Rehm var Vaccinii Rehm — On old 
branches of Vacctmum c&rymhomm L , Mud Lake Bog, Whit- 
more Lake, May 22, 1933, Smith (33-87) This species is dis- 
tmguished by the spindle-shaped spores, small apothecia, and 
heavy, dark brown hyphae, which form a subiculum T fusca 
(Pers ) Fuck was reported on the same substratum and from the 
same location last year by the author (8) 

Tabzbtta Rapulum (? Bull ) Cke — On rotting logs, Newberry, 
Aug 31, 1933, Mains (33-566) There seems to be considerable 
difference of opinion concerning the disposition of specimens 
that have been placed in this species Rehm (16) gives a de- 
scription on page 1021 On page 823, under Ms treatment of 
the genua Sclerotinia, he places B Rapula (Bull) Rehm m 
the doubtful species Nannfeldt (12) considers Tarzetta Rapulum 
(Cke) Rehm a typonym and thereby recogmees the validity 
of Sderottma Rapula There were only two specimens in our 
collection, but neither has a sderotium, so that it seems illogical 
to refer them to the genus Sclerotinia Having had no authentic 
material for comparison, the writer cannot give a cntioal opimon 
on the name to be used Ail that can be stated safely is that 
Rehm’s description of TarzeUa Rapulum applies to our speci- 
mens ‘ 

Tricuobelokivh herotnicum lind — On old wood, Au Train, 
June 6, 1933, Smith (33-15) The substratum is different from 
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that cited by Rehm (17) for this species, but it can scarcely be 
considered anything else, since the color, shape, and size of the 
apothecia, as well as the measurements of asci and spores, fit 
exactly the description of Kehm 

UNGUicuLaRiA BGULposA. (Karst ) V H — On old wood, Au Tram, 
June 6 , 1933, Smith (33-1168) The apothecia are minute 
The short, blunt, one-celled hairs on the extenor of the cups 
separate this genus from closely related genera m the Hyalo- 
sc 3 rphaceae The asci are short and wide at the base, the spores 
are minute, measunng 4-5 X 1 5 This fungus has appeared 
under vanous names smee the time of Karsten (9), but seems 
well placed in von Hohners genus It is illustrated by Boudier 
(1) in plate 529 

Vblutaria cinerofusca (Schw) Rehm — On wood m runnuig 
water. Yellow Dog River, Big Bay, June 13, 1933, Smith (33- 
469) 

Univebbity op Michigan 
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EXPLANATION OF PLATE XIII 

Fxo 1 Apostewzdtum o6c<mt«um, sp nov Apotheoia showing the fluff of 
spores over the surface Fresh condition X 32 

Fio 2 ApoaterMdium obeomeumt sp nov Apoihooia before the aaoospores 
have been projected Fresh condition X 82 

Fig 3 Apoatemtdtum o6c<micum, sp nov Apothecia in a dry condition X 11 

Fig 4 Apoatefntdnum whruteovUt (Fk ) Boud Photograph of the type taken 
in a dry condition X U 
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VEGETATIVE REPRODUCTION IN 
ELEOCHARIS ROSTELLATA * 

CARL D La RUF 
INTRODUCTION 

E LEOCHARIS ROSTELLATA Torr was found growing along 
the shore of Wycamp Lake m Emmet Coimty, Michigan, by 
Professor Frank 0 Oaks (1) in 1929 Later he found it at O’Neil 
I>ake not far from Wycamp Lake, and stdl more recently Professor 
I H Ehlers located the species along one of the so-called Twin 
Lakes near Black I^ake in Cheboygan County In 1930 Piofessor 
Gates jHimted out to the writer its peculiar habit of producing 
new plants by the growth of buds at the tips of the long, stolon- 
hke culms This type of propagation is unique for the region and 
was of sufficient interest to lead to observation and txpermunta- 
tion with the species during four seasons of growth, the results 
of which arc presented in this paper 

HABIT AND HABITAT 

At O’Neil Lake the plants were found m a belt about three 
hundred meters long in the shallow water of the lake margin Most 
of them were growing in the stony soil of the lake bottom, but 
at one end of the belt they were rooted In a floating mat of peat 
and sphagnum All the plants had their bases submerged to a 
depth of from 16 to 30 cm Both sterile and fnuting culms i xtended 
above the water Many of the longer sterile ones had bent over 
from their own weight and had begun to sprout as soon as the 
tips touched the water As the young plants had become larger, 
they had gradually sunk lower uito the water, and the largest were 
resting on the bottom and beginning to root there 

At Wycamp Lake the Eleocharis plants were growing along the 
shore of the lake in stony soil soak^ with water, but they were 

• Papers from the Llepartment of Botany of the University of Miohigan, 
Ko 662, reporting work done at the University of Michigan Biological Station 
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entirely above the water hne except for their roots Here the 
culms which bent over rooted as soon as their tips came into con- 
tact with the soil The rooted stems were so numerous as to make 
walking through the area somewhat difficult because of the looped 
culms which caught upon one’s feet 

Graphs Manual (2) refers to Eleochans roateUata as a plant of 
salt marshes along the Atlantic Coast and of alkalme situations 
inland Since the plants were found growing m peat at O’Neil 
Lake intermingled with Sarracenia and other bog plants, it was 
at first doubted whether the substratum was alkaline, or even 
neutral However, an average of three samples of water pressed 
out from the floating mat at O’Neil Lake gave a pH of 7 36, while 
three samples of the water over the roots of the plants at the same 
place averaged pH 7 53 Seven samples of soil from around the 
roots of Eleochans at Wycamp Lake gave an average pH of 7 11 

The Effects of Submergence 

In 1932 a beaver dam which closed the outlet of O’Neil Lake 
caused a considerable mcrease m the depth of the water The 
Eleochans plants were able to grow, however, and fruitmg culms 
were numerous, as were also the long stems rooting at the tips 

In the summer of 1933 the plants were almost completely sub- 
merged and very few of the culms grew enough to extend more 
than a few centimeters out of the water No fnuting branches 
were found, and none of the emerged tips of sterile culms wore long 
enough to bend over Therefore, no rootmg tips were found It 
was rather surprising that none of the tips under the water showed 
any sign of rootmg 

A year later, m 1934, the beaver dam had been destroyed and 
the lake had fallen to its 1931 level The growth of the Eleochans 
was normal, and many long culms had been produced which bent 
over and rooted at the tips However, although very few plants 
had been killed by their long submergence, no fruiting stalks could 
be found Apparently the unfavorable conditions had prevented 
the formation of any flowier buds 

GHO#TH IN THE ORgJCNaorsa 

Although the plant seems to be confined, under natural con- 
ditions, to lake margins and can live under partial submergence, 
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it can exist also with a much more limited water supply Several 
plants were transferred to the greenhouse at Ann Arbor and potted 
in ordinary garden soil With regular watering these plants have 
grown and oontmued to produce stenlo culms contmually, both 
in summer and in winter The long stalks have bent over and have 
rooted themselves m pots of earth, and even among the cinders 
on the greenhouse bench 

In the greenhouse the plant is evergreen and continues its 
growth regularly In nature the bases of the culms which are not 
destroyed by ice and frost remain green well into a second season, 
so that it is not surprising to find that the stems m the greenhouse 
are long-lived, but it might have been suspected that the buds 
at the stem tips would show periodicity in sprouting However, 
this is not the case, for they seem to grow equally well at all seasons 
of the year Still it should be noted that the greenhouse plants have 
never flowered, and this may be due to an umnterrupted growth 
The greenhouse plants m soil are not so robust as those growing 
m water, but otherwise are quite unchanged Although the plant 
is not a true aquatic, it is probably unable to withstand the compe- 
tition of other plants which grow more vigorously on the better- 
drained soils Possibly it is unable to endure drought, but an 
occasional drymg out of the soil in the pots m the greenhouse has 
not caused them any noticeable damage 

VEGETATIVE REPRODUCTION 

Eleocharts rostellata develops only very short rootstocks and does 
not stool at the base to any considerable extent Hence it depends 
largely for its spread upon the rooting of the tips of its long culms 
Various trials have shown that other parts of the plant are quite 
incapable of regeneration, and the capacity to form buds is entirely 
restneted to the ends of the culms Even here the reproduction is 
altogether from preformed buds, and excised buds are never replaced, 
so that in the strict sense the plant is incapable of any regeneration 
In nature the buds at the stem tips never begm growth until 
the stems become so long that they bend over and thus bring the 
tips into contact with the water or damp soil Once such contact 
is madoi growth takes place in a few days In three days m summer 
a green tip appears, which turns sharply upward, and two or three 
toots emerge and grow downward 
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The base of the young plant grows thicker and gives rise to 
numerous roots and to a small number of branches in addition 
to the single shoot which first grows out But the number of branches 
from the short rootstock which is developed is never large, and 
further growth depends on the production of one or two branch 
rootstocks, and, of course, on the new plants formed at the tips 
of the stalks On the wild plants none of the spike-beanng culms 
were rooted, and at first the presence of vegetative buds was not 
detected But in the regeneration trials some of the spikes were 
cut off and floated in water, and others wore laid on moist filter 
paper After an interval of three days 10 per cent of these showed 
shoots like those on the sterile culms, but somewhat dmumshed 
in size These growths developtMl from very moonspicuous buds 
at the base of the spike None were ever found m any other part 
of the spike, and only one bud was found on each spike 

It was discovered by trial that the fruiting culms would always 
sprout if they were bent over so as to come into contact with the 
water or the soil, and also that sterile culms much shorter than 
those which had rooted would root if they were broken over m 
the same manner The difference between the rooted and the 
unrooted culms seemed to be a matter of length If the stems 
were long enough to bend over, they rooted, if not, their buds 
remauied undeveloped Table I shows the lengths of rooted non- 
fruiting, of unrooted nonfruiting, and of unrooted fruiting culms 

TABLE I 

Lbngthb of Rootso NoNFRuiTma Cclms, Unrootbd NoKrarnTWO 
Culms, and of Unbootbd Fruiting Culms 

Type of oulm Range of lengths Average length 

Hooted nonfruitlng lOO-lTS cm 120 5 cm 

Unrooted nonfntltiDg 20-70 cm 37 1 cm 

Unrooted fruiting 31-80 cm. 40 9 cm 

From Table I it appears that the culms which have not rooted 
are all too short to bend over, and hence have no opportunity to 
place their buds m the situation which they need for their develop- 
ment Trials have shown that the buds on culms not mare than 
ten centimeters long are mature and capable of growth, although 
they require more than twice m long to start development as those 
on mature shoots 
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The stems show little vanation m thickness and are all oblong 
in cross section They average 1X2 mm m their dimensions, 
and the fruiting culms do not vary in mternal structure from the 
nonfruiting ones The only difference m the two types of culms, 
other than that one bears frmting spikes and the other does not, 
is that growth ceases m the fruitmg stems long before it does in 
the nonfruiting ones 

The growth of the stems takes place almost entirely from a 
basal menstem, and m culms which are bearing fruit the basal 
raenstem has entirely disappeared In the sterile stems the menstem 
persists at the base until the end of the growing season In stems 
produced late m the season the menskms may continue activity 
and complete their growth in the following spring 

It seems that the development of fruits has an inhibiting effect 
on the activity of the basal menstem Surely the spike cannot 
require more water than a long sterile culm, so that the change 
cannot well be attnbuted to changed water relations In any 
event the often-submerged menstems could not often lack water 
As for food supply, the conditions are different The long culms 
have more photosynthetic area to supply energy to their meri- 
stems, and the developing fruits on the fertile stalks may depnve 
the menstems at their bases of food for further activity It is 
possible that the spikes develop some mhibiting substance which 
passes downward and causes all the cells of the menstem to mature 
At present, no means seem available for distlnguishmg between 
an effect due to an inhibiting substance and one due to a diminished 
food supply It would be interesting to remove the spikes from 
flowering plants to see whether the basal menstem would remam 
active This has not been done because of the mability to visit 
the wild plants sufficiently early in the spring, and thus far the 
greenhouse plants have not fruited 

Though the fruitmg spikes have not been removed experimen- 
tally, an examination of the tips of the nonfruitmg culms has revealed 
an interesting fact It appears that every one of the sterile culms 
really has an aborted flower spike m the terminal position, and 
that the vegetative bud arises from a lateral position below the 
undeveloped spike It may be that this is not always true, but 
some dosens of the tips have been dissected without failing to find 
the aborted spike in a single specunen It is likely, then, that 
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the two types of stem are identioal in origin and structure, but 
that some develop a flower bud, and a small, somewhat suppressed 
vegetative bud, while the others fail to produce flowers, but give 
rise to a well-developed proliferative tip 

CONDITIONS FAVORABLE TO OROWTH OF B0D8 

It has been stated before that the buds on the tips of erect 
culms do not sprout On the other hand, the long stolons, or arched 
stems, root at the tips as soon as these tips come mto contact with 
water or damp soil Apparently, a sufficient water supply is the 
only reqmrement, for the buds will root in contact with any damp 
8ul»tanoe Water, earth, cmders, sand, sphagnum, filter paper, 
and cotton have all proved satisfactory as substances for producing 
growth of the buds 

It is not necessary for the buds to remain attached to the culms, 
for they will root well when cut off with one centimeter or less of 
the stem attached to them 

The bending over of the culms plays no part m the outgrowth 
of the buds, and it is not important for the tips to be turned down- 
ward When removed from the stems, the buds will grow equally 
well m a horizontal, an upright, or an inverted position 

Smoe the erect culms do not sprout, it might be supposed that 
the bendmg over might change the condition of the stems in some 
way so as to dispose them toward development Cutting off the 
tips might have a similar effect m removing a flow of food, for it 
was found that excised buds grew at once Tests of this hypothesis 
were made by binding erect tips in sphagnum which was kept 
moist, and by inserting tips mto inverted test tubes lined with 
wet ffiter paper Tips treated m these ways rooted as readily as 
though the culms had been bent over to bring the tips down to the 
water 

The age of the buds seems not to be of importance Tips on 
culms not nearly old enough to bend over root when put mto con- 
tact with a wet eiibetanee m the erect position, or when cut off 
and lidd on such material Very young culms, under five centi- 
meters in length, bear buds which will gprow if supplied with moisture, 
although their outgrowth is slower than that of buds from mature 
stems Furthermore, as has been related, seed-bearhig culms, whidi 
have never been observed to grow long enough to bend over, will 
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grow from vegetative buds at the bases of the spikes if they are 
cut off and laid m water, or on some moist substratum 

Tips of all ages from both stenle and fruiting culms will grow 
if floated on water, whether distilled, taken from the tap, or from 
the lake In view of this fact, it was curious to see that the buds 
on plants submerged in the deep water due to the obstruction of 
the beaver dam at the outlet of O'Neil Lake m 1933 did not sprout, 
in spite of their bemg surrounded by water During this season 
all the culms were very short, and none of them came up to the 
surface of the water However, the tips had not lost their capacity 
for growth, for when they were cut off and Boated on the surface 
of the water, they grew at once 

An experiment was performed to see whether lack of air m the 
submerged condition was the factor inhibiting growth Tips were 
cut off, attached to the ends of glass rods, and sunk to the bottom 
of test tubes under fifteen centimeters of distilled water One 
set of tubes was aerated by bubbling air through the water several 
times dally, another set was left unaSrated The tips in the aerated 
tubes grew, those submerged m unaSrated water did not 

It seems clear, then, that lack of air prevented the buds from 
growing in O'Neil Lake m 1933, but the reason is not evident for 
the failure of growth of buds on plants living in shallow water, 
where they are often found Such buds appear ready for growth, 
and as the culms grow they are earned up through the water and 
out into the air Why do they not sprout when they are brought 
into the well-aferated surface layers of the water as they are pushed 
up? Possibly the answer lies m the fact that they are slow in be- 
ginning growth, and the basal development may push them through 
the layer of aerated surface water before they have time to sprout 

TOLERANCB OF ACID AND ALKALINE SUBSTRATA BY 
BUDS or gCSOCffAXIS aOSTBLLATA 

The observation that buds of Eieochans would grow on sphag- 
num with an acid reaction (pH 4 db) aroused curiosity as to what 
tolerance of acid conditions these buds might show Accordingly 
a series of rough tests was made to determine the facts Dilutions 
of 85 per cent lactic acid were made with tap water, which at the 
University of Michigan Biological Station is practically neutral 
The acid was mixed with the water in various dilutions ranging 
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TABLE II 


Tolbrancb or Acioitt by Blsochabis Buds 


No of 
test 

pH of 
solu- 
tion 

Development after 

5 days 

1 

246 

2 yellowed 

2 

2 63 

2 yeUowed, no growth 

3 

280 

2 turned up at Up, 1 
dead 

4 

297 

4 have growing shoots, 

3 have roots 3 mm 
long 

5 

313 

5 have stem growth, 1 
has a root 

6 

330 

5 have stem growth, 3 
have roots 6 3, and 
3 mm long 

7 

3 47 

AU have shoot growth, 
4 havt roots 3-5 mm 
long 

8 

364 

AU have growing shoots, 
all have roots 4 6 
mm long 

9 

3 72 

AU have stem growth, 
3 have roots 

10 

3 81 

AU have stem growth, 
aU have roots 4-6 
mm long 

11 

398 

AU have shoots, aU 
have roots 6 8 mm 
long 


Development after 8 duya 


AU yellow and moldy 
2 normal, no growth, 3 dying 
I hae weak shoot 4 mm long, 1 turned 
up at Up, 2 dormant, 1 dead 
4 have ehoots 2-4 nun long, 2 have 
2 roots each, 2 have 1 root each 
2 4 mm long, 1 has no growth 
6 have stem growth, 2 have 1 root 
each 4 mm long, 3 have no roots 
4 have shoots 2-^ mm long, 1 has a 
very short stem, 3 have 1 root each, 
5, 0, and 8 mm long Roots full of 
short sharp curves 

AU have shoots 2-8 mm long, each 
has 1 root 2 4, 5 6 and 7 mm long 
Roots slightly aavy 
4 have shoots 3-6 mm long, 4 have 
roots 4-7 mm long, 1 bud dead 

AU have shoots 3-5 mm long, 3 liave 
roots 4-6 mm long, others no roots 
AU have shoots 3-5 mm long, 1 has 
2 roots, 3 and 8 mm long, others 
have 1 root each 4-7 mm long 
AU have shoots 3-5 mm long, 1 has 
2 roots, 3 and 7 mm long, others 
have 1 root each, 4, 10, 12, and 
15 mm long 


from one part per 100 of water to one part per 100,000 of water 
In each dilution five tips of Eleocharis were floated The experi- 
ment was performed m August, at which season detached buds 
normally show stem outgrowth after the lapse of three days Notes 
were taken on the development of the buds In the acid solutions 
at five-day and eight-day intervals The first evidence of growth 
IS to be seen m the turning up of the tips of the buds by growth 
of the shoot inside which has not yet emerged from the bud scales 
Hence growth can be determmed before the shoot length can be 
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TABLE III 


ToLBRANCB of ALKAUNITT of ELEOCHARia Boi>s 


No of 
tost 

%of 

NaOH 

Results after 5 days 

Results after 8 days 

1 

10 

All yoUowod 

4 dead, 1 dying 

2 

01 

3 alive, 2 have roots 

5 mm long, 2 dead 

1 has a shoot 4 mm long, 2 have very 
shortstems, 1 hasarootllmm lung, 
1 has 3 roots, 1 , 3, and 12 mm long 

3 

002 

All have shoots, 4 have 
roots 1-2 mm long 

5 have shoots 1-4 mm long, 3 have 
roots 1--4 mm long, 1 has 2 roots 
3 and 7 mm long 

4 

0 01 

All have shoots, all i 
have roots 1-16 mm 1 
long 

All have shoots 3^ 5 mm long 4 have 
loots 2-5 mm long, 1 has a root 
18 mm long 

5 

0 004 

4 have shoots, 2 have 
short roots 

4 have shoots 1-3 mm long, one has a 
very short shoot, 2 have roots, 2 and 
4 mm long 

6 

0 002 

4 have shoote, 2 have 
very short roots 

All have shoots 2-^1 mm long, 1 haa 

2 roots, 2 and 4 mm long, 1 has 

3 roots, 2, 3, and 5 mm long, others 
have no roots 

7 

0 001 

4 have shoots, 2 have 
roots 12 and 15 mm 
long 

All have shoots 1-4 mm long, 3 have 
roots 4, 12, and 15 mm long, the 
others have no roots 

8 

0 0004 

Ail have shoots, 4 have 
roots, 6, 0, 8, and 9 
mm long 

All have shoots 2 5 mm long, all have 
roots, 3, 6, 9, 10, and 12 mm long 


measured The results of this expenment are given m Table II 
Deteiminations of pH were made with the Youden qumhydrone 
apparatus, and also with color mdicators 

From Table II it might be assumed that the buds require acidity 
for their development, as do the embryos of some seeds, but the 
regeneration experiments already performed proved that the buds 
were capable of growing in neutral tap water, and on filter paper 
moistened with neutral tap water or with distilled water But to 
determine whether growth was possible in alkahne as well as neutral 
solutions another series of tests was run Dilutions of NaOH were 
made with tap water, which was practically neutral, ranging from 
1 0 per cent to 0 0004 per cent Five normal tips of Eleochana 
roateUaia were floated in each of the solutions, and observations 
wore made on them at five-day and eight-day intervals, as m the 
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preceding expenment The pH of all these solutions was found 
to be above 9 0 and beyond the range of both the quinhydrone 
apparatus and our oolonmetnc equipment Hence the results were 
tabulated with percentages of NaOH instead of pH determinations 
This experiment, like that on acid tolerance, is rather rough, and 
a failure of growth in all the buds might have been attributed to 
toxicity of the solutions, but the development of shoots in all except 
exceedingly alkaline solutions seems to show that these solutions 
were not toxic or, at most, not suflSciontly so as to vitiate the ex- 
penment Table III presents the data from this test 

It IS clear from the results given In Table III that the buds 
of Eleochans do not require acidity for their development, but can 
develop under very alkahne conditions also The ability of these 
buds to grow in solutions of such highly vanable hydrogen-ion 
concentrations is remarkable 

TRIALS OF SEED QERMlKATION 

Although Eleochans roetelkUa depends for its local spread on 
vegetative propagation, its wider introduction must depend upon 
its seeds l^oh fruiting spike develops from three to twelve achenes, 
which appear to be normal They have an abundant endosperm 
and a small embryo, but thus far they have not been seen to ger- 
minate Careful search for several seasons m the territory where 
thousands of seeds are produced annually has not revealed a single 
seedling Seeds were collected in 1931, 1032, and 1933 In 1933 
no seeds were produced at O’Neil Lake because of the depth of the 
water, and in 1934, although the water had fallen to its normal 
level and vegetative growth was vigorous, no flowers or fruits 
found A collection of seeds was secured from Wycamp Lake m 
1933, but this vicinity was not visited in 1934, and no seeds were 
obtained 

Numerous germination trials were made with seeds m 1931, 
1932, and 1933 Seeds were planted on earth in pots, and on moist 
filter paper in Petn dishes Some were kept in li^t, others m 
darkness Seeds of 1931 and 1932 were subjected to repeated freei- 
mg and thawing In other tests the aoh^es were pricked with 
the tip of a needle All attempts that have been have met 
with complete failure 

In 1934 another senes of tests was made, as shown m Table IV 
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TABLE IV 


OSRMINATION TEIALA WITH ShBDH Or SlBOCHASIS R03TBUATA IN 1034 


Number 
of trial 

Year of 
seed pro- 
duction 

Number 
of seeds 

Treatment 

Germina- 
tion after 
two 

months’ 

trial 

1 

1933 

60 

Floated on water, m light 

0 

2 

1933 

60 

“ “ “ m dark 

0 

3 

1933 

60 

On wet paper, in light 

0 

4 

1983 

50 

“ “ “ m dark 

0 

6 

1932 

50 

» “ “ m light 

0 

6 

1932 

50 

** “ ** m dark 

0 

7 

1938 

50 

On earth, m light 

0 

8 

1933 

50 

** ** In dark 

0 

0 

1933 

25 

Pneked, on wet paper, m hght 

0 

10 

1933 

25 

« “ “ “ in dark 

0 

11 

1982 

26 

‘‘ “ “ " in Ught 

0 

12 

1982 

25 

“ “ " '• in dark 

0 

13 

1933 

50 

Under water exhausted with as- 
pirator, then air admitted and 
seeds kept under water 

0 

14 

1933 

50 

Treated 10 minutes with oonoen 
trated sulpbuno acid, then 
washed and kept under water 
m hght 

0 

16 

1983 

50 

As for preceding, but in dark 

0 


The distnbution of Eleochans roetellata indicates the proba- 
bility that the seeds have been the means of dispersal The culms, 
to which the young vegetatively propagated plants are attached, 
usually do not rot away until the plants are too large for effective 
dispell by birds, the most probable carrier It would be prema- 
ture to assume that the see^ are mcapable of genmnation, but 
the conditions under which they may grow have not been discovered 

DISCUSSION 

The interest of this study lies chiefly in the fact that the type 
of vegetative propagation found in Eleockane rost^l^Ua is unique 
in this region The Cyperaoeae and the Juncaoeae abound m 
species which bear slender culms tipped with infloresoenocs, but 
no other representative of the region has the ability to produce 
now plants from the tips of the stems It is true that Eleoehane 
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melanocarpa Torr , Juncus pelocarpua Mey , J subHhs Mey , and 
J hulhoau8 L are reported as producers of similar vegetative buds, 
but none of these are found in the territory adjacent to the Uni- 
versity of Michigan Biological Station In general, this form of 
reproduction is not common among the Monocotyledoneae Such 
plants as Manca graahs Herb and Chlorophytum elatum R Br 
are commonly known examples of such reproduction, and the latter 
forms young plants abundantly on its mfloresceuces without contact 
with the soil But both these plants are native to regions more 
favorable for such types of propagation than ours 

EkochartB rostelUUa represents a type of plant which is specialized 
in its vegetative propagation In general, the Monocotyledoneae 
are specialized in this respect Though a host of speaes can be 
propagated vegetatively, nearly all of these have one method, and 
only one, by which they may be multiplied, and in these forms 
proUferation takes place only from preformed buds The capacity 
to regenerate new buds from various organs of the plant is rare 
among the Monocotyledoneae Sanmevena zeylantca Wilid is a 
species which has true regenerative ability, and it readily forms 
new roots and shoots from any portion of its leaves On the other 
hand, so notorious a weed as quack grass, Agropyron repem (L) 
Bcauv , which sprouts readily from any smgle node of its root- 
stock, has no power whatsoever to regenerate new buds Eleochans 
rosteUata is consistent in its behavior with the great majority of 
the species of its family 

Oray*s Manual (2) reports Ekocharts roateUata as a plant oc- 
cumng m '^salt marshes, N H to Fla , and locally m alkaline situa- 
tions inland ” The tests of the hydrogen-ion concentration of its 
Michigan halntats show that these are shghtly alkaline There- 
fore, it is surprising to find the young plants produced by the culm 
tips so tolerant of add conditions This tolerance must be lost 
as the plants develop Further studies are planned to determine 
the age at which this change takes place 

smiMART 

1 Ekochana roiddUUa Torr has been found m three localities 
m the northern end of the Southern Peninsula of Michigan 

2 The habitat of the plant in these localities is slightly alka- 
line!^in reaction 
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3 Vegetative reproduction by the growth of buds at the tips 
of the culms is the means of local spread of the plant 

4 The tip buds will grow under a wide variety of conditions, 
and are remarkably tolerant of acidity of substratum 

5 Kach of the culm tips produces a flower bud and a vegetative 
bud In fruiting culms the vegetative bud is suppressed, but capable 
of growth In the greater number of culms the flower bud is abortive, 
and the vegetative bud develops 

6 The elongation of the culm is due mainly to the growth 
of a basal menstem, which is inhibited by the development of 
the flower bud Hence the nonflowenng culms grow to a much 
greater length than do the flowering ones, and finally bend over 
from their own weight, so that their tips are brought down to the 
water, or damp earth, where they can grow 

7 The two types of culms are identical in internal structure 

8 Germination trials of the seeds have been entirely unsuc- 
cessful, and no seedlings ha\e been found m nature 

XJnivbbsity of Michigan 
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ON THE LICHEN FLORA OF NORTHERN 
MICHIGAN * 

J08IAH T LOWE 

T he Uchon flora of Michigan, as would be expected, is \ery 
similar to that of Minnesota as reported by Fink (6), and 
roughly parallel to that reported from the North Atlantic States, 
though less numerous It is known chiefly from Nichols’ list (10) 
of 155 species and varieties from the northern part of the Lower 
Peninsula, from the collections of Darlington (2) and E A Bessey 
(unpublished) from the Porcupme Mountams, numbering about 
60 species, from Dachnowaki’s (1) and Ruthven’s (11) reports of 
a few species found m the Upper Peninsula, and from a collection 
of over 290 species and varieties made by the author (7) on Isle 
Royale m 1931, while a member of the Umversity of Michigan 
botanical party 

Except for a few additions from the Isle Royale collections, 
the following notes are based upon a part of some twelve hundred 
collections of lichens made m the region of Muiusmg and Marquette 
during June, 1933 Durmg this time the writer was a guest of 
Dr and Mrs E B Mams, and he is further indebted to Dr Mains 
for a cntical reading of this manuscript The fruticose and foliose 
material and a very small portion of the crustose material have 
been identified to date, some 447 collections oomprismg 18S species 
and vaneties The remainder of the crustose material is being 
worked over, and the determmations will be reported later 

The habitats collected over mtensively were the burns and the 
shore-line rocks The burns, such as those at Rook River, are of 
the type common m upper Michigan, consisting mostly of a scat- 
tered growth of popple and other small trees, with a rather sparse 
ground cover The shore-line flora was studied carefully at Laugh- 
iaxg Whitefish Point near Deerton and at the Sugarloaf Mountains 

• Papers from the Department of Botany and the Herbarium of the Um- 
vsrstty of Michigan, No 643 
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near Marquette Laughing Whitefiah Point is low and rocky, and 
extends into Lake Superior about one-half mile from the general 
shore line The best collecting was found on the western side 
At the tip the shore slopes giadually from the water level, but 
farther back the shore rises abruptly, with cliffs from ten to fiftetu 
feet high The Sugarloaf Mountains rise abruptly to a height of 
about five hundred feet above the shore, and the lichen flora of 
the rocks near the top and facing the lake, and on the sides of the 
gullies running toward it, was especially interesting and varied 

GEOORA1411C DISTRIBUTION 

Although only a few scattered areas in the northern Unit»ed 
States have been collected over intensive ly enougli to afford an 
adequate basis for a study of lichen distribution, an attempt at 
such a study may lie of interest It might be supposed that the 
new records of lichens for Michigan would be western extensions 
of the range of lichens known from the northeastern states Curi- 
ously, however, the writer’s collections contain a greater number 
of species known from the Atlantic and the Rocky Moimtam and 
the Pacific Coast States, with the Michigan records the only known 
intermediate station Northern Michigan thus appears to be within 
the plant zone connecting the eastern and the western lichen floras 
Northern and eastern extensions of range are much less common In 
this account only the writer’s collections are enumerated If the 
records of Nichols (10) and especially tliose of Fink (6) were in- 
cluded, a much larger list of species could be made 

Haematomma ctamontcum and Pkyseta hikotea were known previ- 
ously from the Atlantic Coast States, and their record from Michigan 
constitutes a decided western extension Solorina Boccata BpongtoBa 
was known to occur on the Atlantic Coast and in the Rocky Mountaui 
or Pacific Coast States, and its record here constitutes the only 
known mtennediate station The record for Anaptychta Jsucomelaena 
IS a northern extension of range, Lectdea fusceBcenn is here a record 
of eastern extension of range Also the record of Cladonta comuta 
phyllctoca appears to be the first valid one for North America 

NOTEWORTHY SPECIES FROM MICHIGAN 

With the exception of Physeta vtrella, Lopadtum peztzotdeumf 
ParmehopaiB pallescenst and SUnocyhe all the following 
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records are new for Michigan Distribution notes are given only 
if Michigan lies out>side the previously recognized geographical 
range of the species These notes are taken from Fink (6) or Tucker- 
man (12) or Zahlbruckner (15) The nomenclature m Zahlbruckner’s 
catalogue (16) is followed 

Anaptychia ruscA (Huds ) Vain — On cedar along the shore of 
All Tram Lake Stenle and scarcely typical 
Anaptychia le.ucomelaena (HBK) Vain — Northern extensions 
of lichen distnbution are rather unusual, and so the record 
of this typically much more southern species on branches on a 
T^nnd-swept shore of Au Tram Lake is of considerable interest 
The plant was sterile, but typical in all other resjiects It had 
been known from Ntw York (Peck, one colhction) south to 
North Carolma, westward to Louisiana and north to Ohio (Lea, 
one collection), and in California 

CaLICIUM LENTirULARF SPHAJ ROCEPIIALUM (Hoffm ) Zahl — On 
conifer stub along thi shore of Laughing Whitefish Point 
Calicium floerkei Zahl — On stumps, Laughmg Whitefish Point 
and at Onota No algal host is present, and this species is 
referred to Emholtdtum itaheum Sacc by Vamio (14) 

Caloplaca murorxtm (Hoffm ) T IVies — On shore rocks, Sugar- 
loaf Mountains 

Chaenothfca BRtJNNF OLA (Ach ) MUlI Arg — On cedar logs at 
Wagner^s Falls near Munising 

Chaenothkca TRicHiALis (Ach ) Hellb — On cedar at Kock River 
and below Wagner's Palls near Munising 
Cladonia caespiticia (Pers ) Floerko — On moss over shore rocks, 
Rock River C caespiUcia plumosa is reported from Carp Creek 
by Nichols (10) 

Cladonia cornu ta phylloioca (Floerkt) Arn — Occurring with 
the species but less common, now well marked, with abundant 
squamules, now merging with the sj^cits, the squamules few 
Hus \ ariety does not appear to have been reported from North 
America The species C comuta (L ) Schacr us common on 
soil and old stumps m burns m upper Michigan 
Cladonia crisp ata viroata (Ach ) Vain — On sandy soil along 
the Lake Superior shore at Au Train The writer knows of no 
definite report of this variety for the United States, but Fmk (6) 
places it m synonymy with the species 
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Cladonia Dsai&NKRANs POLYPAEA (Ach ) Vain — On Boil in bum, 
Rook River The material does not agree very well with Sand* 
stede Exfiiccatae Nos 1553, 1564, 1656, 1732, but agrees exactly 
with Vaimo’s description "Podetiis squamosis a f dtlacerala 
differt'^ (13, p 97) The variety does not appear to have been 
reported from the United States 

Cladonia fimbriata nemoxyna (Ach) Coem — On soil in bum, 
Bald Mountain near Big Bay 

Cladonia macilenta sguAuiaEBA Vain — On soil over rocks, Sugar- 
loaf Mountams near Marquette Known also from Connecticut 

Cladonia pyxidata pocilltjm (Ach ) Flot — On sandy soil on the 
Lake Superior short at Au Train The squamules are rather 
thin for this variety, but the characters of these specimens 
compare better with those of var poctllum than of var negUcta 
(Flk ) Mass 

Cladonia sttbchispata (Nyl ) Vam — On soil over rock at Chat- 
ham and at Laughing Whitefish Point This species is very 
close to C furcaUi paradoxa and is easily confused with it The 
writer made his determinations by comparison wiUi Sandstede 
Exsiccatae Nos 666, 666 Vainlo (13, p 62) discusses this spe- 
cies under C furcaia paradoxa and says of it 

“A var paradoxa distinguenda est Cl euhenspaia (Nyl ) Vain 
, quae mter duas species, in diversas sectiones pertmentes, 
Cl furcatam et Cl pttyream^e9\, intermedia et babitu quasi hybrida, 
a praecedeute podetiis typioe scypbiferis et scyphia membrana 
Integra aut perforata clausis et parietibua podeUorum tenuion- 
bus, a posteriore apotheciis parvis ©t aplcibus podetiorum fer- 
tilium suboorymbose ramulosis ** 

The species has usually been treated m American hchenological 
literature under the name C mtUltformUf but there appears to 
be no valid reason why the earlier name subenspata should not 
be used instead Evans (4, p 428) separates related species 
from C muUtformti as follows 

'^Its most distmctive features are found in its cups, which 
can usually be demonstrated without difficulty and which are 
often abundantly produced These cups are broad and con- 
spicuous and are closed by membranes that are radially lacerate 
or minutely punctured m variouB ways No other species of 
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Cladomaf so far as known, has closing membranes of precisely 
this oharaoter, although the membranes of the poorly developed 
cups m C iurgxda resemble them to a ctrtain extent 

CoLLEMA ruRVUM (Ach ) DC — On shore rocks, Sugarloaf Moun- 
tains 

CoNiocYBB FURFURACEA (L ) Ach — Common on bark and soil 
about upturned roots 

Hakrcatomma CI8MONICUM Beltram — On pine in a swamp on 
Laughmg Whitefish Point Known also from New Kngland, 
New York, and North Carolina 

Lbcanora CANCRIFORMI 8 (Hoffm ) Vam —On maple m swamp, 
Laughmg Whitefish Point 

Lbcanora polytropa (Ehrht ) Rabenh — On shore rocks, Sugar- 
loaf Mountains 

Lecidea pubcescens Sommerf — On old twigs m a bog. Isle Royale, 
and subsequently collected in the Adirondacks, New York State, 
by the writer Previously known from the Santa Monica Moun- 
tains of California This is the only certain and important 
eastern extension of the known range of the species treated here 
L fueceecene is closely related to L Nylanden and, in specimens 
with a well-developed thallus, can be separated by the granulose- 
leprose condition of the thallus m L Nylanden^ as contrasted 
with the thin, determinate thallus composed of minute granules 
m L fusceecene 

Lopadixjm PE21ZOIDKUM (Ach ) Koerb — On bark, Wagner^s Falls 
near Muniamg and on Isle Royale Known also from Massa- 
chusetts, New York (where it is common m the Adirondacks), 
Florida, and Washmgton 

Pannaria leucobticta Tuck — On rocks at Laughmg Whitefish 
Point, at Bald Mountam near Big Bay, and at Sugarloaf Moun- 
tains 

Pannaria rubioinoba lantjoinosa (Hoffm ) Zahl — On moss over 
rock at Sugarloaf Mountains near Marquette 

Paricbua cbntrifuoa (L) Ach — On exposed rocks facing the 
lake shore, Sugarloaf Mountains When first seen, it may be 
confused with P conaperso, but when once known it is easily 
distinguished from it In P cerdrxfuga^ especially m old speci- 
mens, the center often disappears, leaving a band of outward- 
growing thallus 
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Pabmelia perttjba (Schrank) Schaer — On trees, Au Tram Lake 

Parmeuopsis PALLE8CENS (Neck ) Zahl “ On old wood, Au Train, 
Bald Mountam near Big Bay, and Isle Royalt Known also 
from Connecticut, New York, and Pennsylvania 

Phtscxa CAKBiA (Hoffm ) Hampe — On beech tree, Au Train 
Sterile 

Phybcia lithotka (Ach ) Nyl — This sjiecies and its var liiho- 
todea have been reported from Marne by Merrill (d), but only 
the latter record is credited by Fink (6), under the name P 
liUiotodes Nyl The Michigan material, abundant along the 
shore at laughing Whitefish Point, is densely isidioid, and 
there can be no doubt as to its identity, since this species is 
most readily separated from the variety by the greater develop* 
ment of the isidia Lynge (8) lists, in addition to the isidia 
oharactei*s given m his key, still others under his description 
of the variety 

“Separated from Phyacta hthotea by the paler colour (7) which 
seems to be normal m var hthotodes, by convex lacmiae and 
by the placodium-iiko thallus The upper cortex is thmner 
than m Pk hihotea and the green colour more visible in moistened 
plants The disposition to form isidia is very weak, but not 
quite absent ” 

Phtscia TERETiuscuLA (Ach ) Lyngo — On rocks, Laughing White- 
fish Pomt, and a somewhat doubtful collection from Bald Moun- 
tain near Big Bay Known from Minnesota, Iowa, and North 
Dakota, and recently collected m the Adirondacks, New York 
State, by the author 

Phtscia viREnLA (Ach ) Flagey — The distribution of this species 
m the Umted States is quite uncertam Merrill has specimens 
from Marne, Merrill Exsiccati No 150, and has so determined 
a specimen from Michigan (10), but his records and Evans' 
record from Connecticut (3) (both as P obecura tnreUa) are not 
recognized by Fmk (6) He reports this species from Michigan 
only (herbarium specimen from Mackinac Island), but states 
" no doubt more widely distributed, but no other specimens 
studied belong here " The writer has oolleoted this species on 
Isle Hoyale and m the Upper Peninsula near Onota, Au Train 
Falls near Au Tram, along Au Train Lake, and In the Adlron- 
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daoks In New York State Since it m inconspicuous and usually 
stenlo, no doubt it has been passed ov«r by collectors The 
color of the soredia is uniformly light green, and no specimens 
were found that showed the range described by Lynge (8, p 73) 
"Soredia greyish white, greyish green or occasionally yellowish " 
In other respects the material agrees very well with hia descrip- 
tion The Onota and Au Train Falls specinn ns were fertile 
SotORiNA SACCATA SR0NGIO8A (Sw ) Nyl — A northern Michi- 
gan station for this rare plant is of unusual interest Previously 
it had been known from Labrador, Colorado, and Washington 
The plant grew on moss continually i^et by driving spray at 
the base of Miner's halls near Munismg, intermixed with 5 
saccata It is distinguished from the latter by the scanty de- 
velopment of the thallus, in these specimens restricted to a 
narrow collar up to 2 mm broad around the large apothecia 
Stknocybk MAJOR Nyl — Apothecia stalked, 0 5 1 mm high, 
KOH-, the stipe unbranChed or rarely one-branched, black 
and shining, slender, 0 03-0 06 mm lu diameter, nearly equal 
throughout, composed of parallel agglutinated hyphae, head 
narrow club-shaped or in tht largest apothecia often top-shaped 
and compressed, greatest diameter 0 1-0 2 mm , the disk typi- 
cally black, sometimes depressed, more often plane to convex, 
within bypothecium light brown, of erect agglutinated hyphae, 
changing gradually into the brownish hymemum, mazaedium 
not formed, paraphyses numoious, unbranched, indistinct, 1^1 5 
fi in diameter below, luiiform or the tip club-shaiied and 2-2 5 
lu diameter, osci elongated, 160-180 X 7-10 spores soon 
brown, 3-geptate, oblong to oblong-olhpsoid, 18-85 X 6-9 m 
This inconspicuous species is reported from New York and 
Washington, and has been collected at two stations m Michigan, 
Isle Royale and along Au Iram Lake, Au Tram It is probably 
frequent in the northern United States and lower Canada, but 
IS missed on account of its small size It is rather common on 
smooth bark of balsams growing along openmgs m the forest 
in the Adirondacks of New York State 

Naw York Stath CoiiLBCB ot Fowcstki 
Straousis, Nkw Yobs 
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A NEW SPECIES OF ALLENROLFEA 
FROM MEXICO* 

CYRUS LONGWORTH LUNDEI I 

T he 1934 University of Michigan botanu al expedition to Mexico 
established headquarters at Charcas in the state of San Lms 
Potosi from June to August On one of the collecting excursions 
a visit was made to the salty lake at Santo Domingo, a village 
about forty mile^ west of Charcas Among the in t( resting plants 
encountered on the dunes there was a halophylic sand-binding 
shrub, which proves to be a new species of Allinrolfea (PI XIV) 
Heretofore this genus has been represented by only a single species 
m North America 

Allenrolfea mexicana, sp nov — Fruttx usque ad 2 m altus, 
cortex leviter sulcatus, aliquantum fibratus, frustatus, paliidc 
gnseus, liber fulvus, lignum rccens aliquantum viride, medulla 
vindis et contmua, lignum pnstinura rubicundum vti pullum, 
rami diffusi, alterni, lignei, not vestigia nodorum ramuscuiorum 
carnosorum nee vestigia fohorum proponenUs, ramuscuh camosi 
vindeaque articulati, intemodia 3-^ mm craasa, 2-8 mm longa 
cum vestigiis fohorum late triangularibus, amplexicauhbus, obtusis 
vel acutiB, spicae raultae, sessiles, oyhndricae, 3-4 mm crassae, 
usque ad 6 cm longae, bracteae vmdes, carnosae vel spongiosae, 
rhomboideac vel aliquantum triangulares, subsessile^, flores bi- 
sexuales, tortuose dispositi, m axilhs bractearum summarum 1-3, 
in axillis bractearum mflmarum 3-7, multum confcrti, aliquantum 
exserti, calyx m quattuor partibus divisus, tepala spongiosa, oon- 
cava, cannata, imbneata, basi levittr ooniuncta, fructum cmgentia, 
stamina duo cum hlamentis planis, antherae exsertae, stigmata 
duo, raro tria, circa 1 mm longa, divaricata, paplUosa, stilt con- 
iunctl et cum penoarpo vesiculoso pellucido membranaoeo se con- 

* Papera from the Departmont of Botany and the Herbarium of the Um 
veraity of Miohigan, No 546 
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lungentea, bases stigmatum et stih pereiatentes, brunnescentes, 
permanentes exsertaoi semen brunneum, erectum, oblongum, libe- 
rum, longitudine 1 mm paulo excedens 

A shrub not more than 2 meters high, bark finely furrowed, 
somewhat fibrous, shreddy, light gray, inner bark tan, sapwood 
greenish, pith green and continuous, heartwood reddish to dark 
gray, branches difhise, alternate, woody, showing no traces of 
jomts of the fieshy branohlets or of leaf vestiges, branchlets fleshy 
and green, jointed, intemodes 3 to 4 mm thick, 2 to 8 mm long, 
with broadly triangular, amplexicaul, obtuse to acute leaf vestiges, 
fiower spikes numerous, sessile, oylindrioal, 3 to 4 mm tbek, as 
much as 6 cm long, bracts green, fleshy or spongy, rhomboidal 
to somewhat triangular, subsessde, flowers perfect, arranged spirally, 
one to three in axils of apical bracts, three to seven m axils of basal 
bracts, very crowded, somewhat exserted, calyx of four spongy, 
concave, carinate, imbricated sepals, united slightly at base, en- 
closing fruit, stamens two with flat filaments, anthers exserted 
at anthesis, stigmas two, rarely three, each about 1 mm long, 
divergent, papillose, styles united merging into the bladder-like, 
transparent, membranaceous pencarp, bases of stigmas and the style 
persistent becoming reddish brown, remammg exserted, seed reddish 
brown, erect, oblong, free, slightly exceedmg 1 mm m length 

Type in the Herbarium of the University of Michigan, C L Lun^ 
deU 5603, oolleoted on the sand dunes of the salt lake at Santo 
Domingo, San Luis Potosi, August 7, 1934 Cotype deposited In 
the United States National Herbanum, Washington, D C 

Allenrolfea mezicana differs from A occidentaha (8 Wats) 
Kuntse, the Utah form, in being distinctly larger The woody 
stem of A mexteana may exceed 2 cm in diameter, the flowering 
spikes are as much as 6 cm long, and the flowers are regularly 
1-^ in the axils of the ajncal bracts and 3-7 in the axils of basal 
bracts In A mexteana the time of anthesis vanes from the apex 
to the base of the spike, and from the center of the flower aggregate 
in each axil toward the extremities 

Alknroifea ocetderUahs is a smaller form, generally woody only 
at the base It has three flowers m the axil of each bract, all of 
whi<^ apparently reach anthesis at about the same tune 

VaiVBBsiTT or Michioak 
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HOST SPECIALIZATION OF VROMYCES 
TRIPOLI! * 

EDWIN B MAINS 

I N HIS Manml of the Rusts in United Stales and Canad<i Arthur (1) 
recognizes three varieties of Uromyces Trtfolti (Hedw f) L4v 
These are separated by their host specialization and certain morpho- 
logic distinctions The oecia of the variety Tnfohi-repentis are 
described as common, the germ pores of the urediniosport s, 
equatorial, and Tnfohum incarnatum and T repens are hated as 
hosts The aecia of the varieties hybndi and fallens are given as 
rare, and the germ pores of the urediniospores of hyhndi are re- 
ported as 2-4, equatorial, and of fallens as 4-7, usually scattered 
Tnfohum hybndufn is listed as a host for var hybndif and T tn- 
camaium, T medium, and T ptaUnse ore given as hosts for var 
fallens 

These varieties have also been recognized as distinct species 
Liro (4) has pointed out the morphologic distinctions of the rust 
of Tnfohum repens He found by cultures that it would not mftet 
T kybndum or T pratense Ho considers it a distinct species under 
the name Uromyces Tnfoht^epenha (Cast ) Liro Paul (0) has 
separated the rust of T kybndum under the name Uromyces Tnfolii^ 
hybndt Paul Davis (2), as a result of his study of the morphology 
and the host speciahzation of the rust of T kybndum^ reached a 
sunilar conclusion, describing it under the name Uromyces hybndi 
Davis In this paper the species concept employed by Arthur will 
be followed 

The host specialization of Uromyces Tnfoht has been studied 
by Liro (4), Davis (2), and Kobel (3) Liro obtained negative 
results when rust from Tnfohum repens was used to inoculate T 
kybndum and T pratense, and when rust from T pratense was 
sown on T repens Davis reports negative results on T pratense 

* Papers from the X>c»partmeat of Botany and the Herbarium of the Unl- 
vendty of Michigan, No 5^ 
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and T hyhndum from T repenst on T repens and T pratense 
from T hybndum, on T repena and T hyhrtdum from T pratense 
Kobol has made the most extensive study tor the rust from 
Tnfolium repena he reports positive results for T hybridunif T 
paUescena^ T repena^ T Thahi, T mon/unww, T alptnum, T fragt- 
ferunif T tumensj T incarnaium, T rubenSt T alpesirCf T angnati- 
foliunit T anmnium^ and 7' alexandnmm^ and negative for T 
praicnae and T medium Although he reports positive results for 
T hyhndum f it is to be noted that of the six plants inoculated only 
one was mfetted For the rust from Trifohum hybrtdum he gives 
I)ositi\t results for T hyhndum, T pallescena, T Thalii, T morUch 
num, T glomeratum, T alpinum, T fragiferurn, T arvenae, T %nr 
carnatum, T rubena, T anguahfohum, T ochroleurumt T manitmumt 
and T aquarroautnf and negative foi T repena, T pratense, T 
medium, T alpeatre, and T pannomeum For the rust from Trt- 
folium pratense positive results an reported for T Tkalxi, T a^pt- 
num, T arvenae, T pratense, T rubens, T alpeatre, T angustifolmm, 
T pannomeum, and T squarroaum, and negative for T hyhndum, 
T repena, T montanum, T fragiferum, T medium, and T ochro- 
kutum Kobel has also shown that rust from Tnfolium ochroleucum 
IS distinct in its host specialization He gives positive results for 
this rust for T alptnum, T arvenae, T ochroleucum, T pannomeum, 
T mantimum, and T aquarrosum, and negative for T hyhndum, 
T repena, T pratenae, and T medium The rusts from Tnfolium 
^)ratenae and T ochrokucum are considered specialized forms of 
Uromyces Tnfohi and those of T repena and T hyhndum species, 
Uromyces Tnfoln-repentia and U Tnfolit’hybndt 

The studies reported m this paper were started m 1923 m the 
Botanical Department of the Purdue University Agncultural Ex- 
periment Station As opportunities permitted, various collections 
of the clo\ er rusts in the vicinity of Lafayette, Indiana, were studied 
Since 1930 the uivestigation has been contmued at the University 
of Michigan wath rust collected in the vicmity of Ann Arbor Through 
the kindness of Dr A J Pieters, of the Office of Forage Crops of 
the United States Department of Agriculture, seed of a number 
of species of Trifohum was made available for the study Collec- 
tions were also obtained from various botamcal gardens 

Cultures of the rusts were mamtamed on susceptible plants of 
the species from which they were collected Inoculations were 
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made in grcenhouaea during the period from November to May 
When several cultures were studied durmg the same penod, they 
were placed in separate compartments of the greenhouse Plants 
were raised from setd and usually were inoculated when a number 
of leaves (six or more) had developed Spores were dusted on the 
plants to bo tested by shaking abundantly rusted plants over them 
They were then atomized with water and covered for 24 to 48 hours 
with wet mushn Notes were taken when infection had reached 
itfl maximum development Tht number of seedlings of a species 
varied with the number of different collections of seed, the amount 
of seed available, and the collections of rust investigated At least 
10 seedlings were available for an inoculation and usually 25 to 30 
were employed When a number of lots of seed of a species wore 
available, as of Tnfohum pratemet T Ayfonduw, and T repens, 
the total number of plants for the species was often several hundred 
In order to conserve space the results are given m Table I The 
reactions are recorded accorduig to type and degree of mfection, 
as follows 

0 No uredinia, no macMwoopic evidcncw of infection or only flecks, oc- 
caaioniUly Urge necrotic spots (noted by symbol, k) 

X Urodmia few, small, sometimes accompanied by necrosis (k) 

2 Uredinia fairly abundant, small, sometimes accompanied by necrosis (k) 

3 Uredinia abundant, of moderate size, occasionally accompanied by 
chlorosis 

4 Uredinia abundant, large, plants evidently very susceptible 

In most instances the inoculated plants showed very httie varia- 
tion m reaction A few collections, however, produced plants with 
marked differences Ihe range of reaction has been given in the 
table In a few species different lots of seed produced plants having 
markedly different reaction In the table the results are listed 
separately 

Rust from Trtfohum prateme 

As shown in Table I, Trtfohum armemum, T xyvcamatnm^ and 
T panrumxcum manifested a considerable variation in reaction to 
the red clover rust Although most of the plants inoculated were 
more or less resistant, a few were moderately susceptible The 
reverse was true for T prolerm Eight different lots of seed of the 
latter species were employed The results obtained agree with 
those previously reported (5) The majority of the plants from 
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TABLE I 

Reaction of Various Species of riUFOLiuN to Rust 
UnouiCBs Tbifolii 


SPECIES 


agrarlum 7 j 
slexandrlQum T 
alpcstre L 
angufttifoHuiu L 
angustifolium L 
armemum WUld 
armeiuuiu WilIU 
arvense L 

oarolixuanum Michx 
dubium Sibth 
elegans 8avi 
fra^erum L 
glomeratum L 
hybndum I 
iacamatum L 
Lupinaster L 
me^um L 
montanum L 
ochroleuoum Huds 
pannonioum Jacq 
parviflonim Ebrh 
pratenss L 
prooumbens L 
reflexum L 
repens 
re pens L 
tepens L 
reBiq>matum L 
T resupmatum L 
T rubens I 
T squarrosuzn Bieb 
T subterranoanum L 
T Bubterraneanum L 


REACTION TO RUST FROM 

T pratenso 

T hybndum 

T repens 

Ind* 

Micht 

Indt 

Micht 

Indt 

0 

0 

0 

0 

0 

O-lk 

O-lk 

1 2k 

o-lk 

2k 

0 

0 

0 

0 

0 


Ok 

4 

4 

0 


Ok 


Ok 


0-3 

0 

O-lk 

0 

0 

0 

0 

a 


0 

0 

0 

3 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


2 

0 

0 

0 

Ik 

Ok 

0 

0 

0 

Ik 

o-lk 

3-4 

0 

0 

4 

4 

0 

0-3 

1-2 

1-2 

0 

0-3 


0 


0 


0 

0 

0 

0 

0 


0 


0 

0 

0 


Ok 


0 

0-3 

0-2 

0 

0 

0 

0 

0 

Ik 

o-lk 

3 

4(0-2) 8 

4(0-2) 8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

4(0-2) 8 

0 


0 


0 

0 


0 


0-2 


0-1 


0-1 

4 


0 


0 

0 

0 

0 

Ok 

0 

0 

Ik 

l-2k 

2k 

0-2k 

o-lk 

0~lk 

Ik 

l-2k 

Ok 

Ok 


1 

8 

3 

0 


* Results from four coUeotlons 
t Results from one oollection 
i Results from two collections 

I Most of the plants gave a reaction of 4 A few reacted as indicated in the 
parentheses 
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each lot were susceptible A small proportion were more or less 
resistant, some showing little or no signs of mfection From the 
various lots, 207 of the most resistant plants were selected and 
self-pollinated Tnfohum prateme is mostly self-sterile, and only 
a small amount of seed was obtamed Very susceptible as well as 
very resistant plants were produced from this seed, which indicates 
that resistance is probably a dominant character On account of 
the difficulties mvohed it was necessary to abandon this phase of 
the study 

Fewer species developed uredinia m this study than in the one 
reported by Kobcl, who obtained positive results for Tnfohum 
arvemOf T ruhenSf T olpeetre, and T angushfoltum This may 
indicate a difference in the pathogemcity of the rusts employed 
in the two investigations On the other hand, it may be due to 
the use of different strains of the species of clover 

Rust from Trifohum hyhndum 

This rust gave some very mtcresting results with Tnfohum 
angusiifohumf T orwemwm, and T aubterraneum One strain of 
T angudxfohum was very susceptible to the rust from Ann Arbor, 
another was very resistant One stram of each of the other two 
species was moderately susceptible, other strains were resistant to 
collections of the rust from Lafayette, Indiana This mdicates that 
part, at least, of the difference m the results obtained m this study 
and m Kobel’s is probably duo to the use of different strains of the 
species of Trifohum In this study Tnfohum hyhndum was the 
only umformly susceptible species 

Rust from Tnfohum repena 

The results obtained with Tnfohum repena are very interesting 
Three strains of the species gave little or no signs of infection when 
mooulated Five strains showed a greater variation A few uredinia 
developed on some of the plants No very susceptible plants were 
noted In six strains a majority of the plants were very susceptible 
However, a small proportion of the plants m these strains were 
more or less resistant In T tncatriaium most of the plants were 
resistant, a few were moderately susceptible One stram of T 
nmptnedum was very susceptible and two were very resistant The 
two strains studied of T pamflorum were moderately susceptible, 
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and the two of T glomeratum were very susceptible Therefore, 
BO far as the results of these studies are concerned, T glomeraium 
and T parmflorum were more susceptible than the species {T repens) 
from which the rust was obtained 

It IS evident that there is a considerable variation in reaction 
to rust within a number of the species of Tnfohum This will 
make it difficult to compare results of various investigators unless 
the same strains of each sjiccies are <mploypd It is, therefore, 
not possible to make an accurate comparison of the results obtained 
in these in\ cstigations with those of Koliel He apparently had 
physiologic forms of tlu three varu tu s of rust possessing somewhat 
greater pathogf nicity His rt suits, howtvtr, may have been du< 
in part to more susceptible strains of Trifolmm Kobel has shown 
that two specialized forms can be distinguished m the variety 
faUens and, to judge from tht results which have been obtained 
with other rusts, it would not be surprising to find differences m 
pathogenicity within the rusts occurring on red, alsike, and white 
clov er 

Univkrsitt or Michigan 
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NOTES ON ALPINE AND SUBALPINE 
DESMIDS FROM WESTERN 
UNITED STATES 

GERALD W PRE&COTi 

V ERY little attention has been given to the occurrence and dis- 
tribution of alpine dcsmids m North America Such meager 
information as we have has been contributed, for the most part, in 
the papers of Borge (1), Wailes (18, 19), Wood (23), Schmidle (15), 
and Wailcs and Tiffany (20) 

Much more information is needed before any significant com- 
parisons can be made with the alpmc de^mid flora in othtr parts of 
the >^orId, or generalizations established for distiibution in this 
country In Europe, and to a certain extent in South America, on 
the othtr hand, an enormous amount of work has been done with 
alpine desmids and much information has been publishetl The 
intensive studios of European algologists should serve as a stimulus 
to students of these plants in North America 

During the summer of 1934 the writer had an opportunity to 
make a number of collections from alpine and subalpine lakes m the 
Pacific northwest In connection with an exploratory survey for 
forage and soil-rotaining plants (for the Bureau of Plant Industry) 
his investigations took him into several mountain ranges For the 
most part, samples were collected from ponds and swamps in the 
Wallowa Mountains in northeastern Oregon and from the Seven 
Devils Range, bordering the Snake River m western Idaho These 
picturesque and highly eroded ranges rise to altitudes of 9,009- 
10,000 feet and hold in the flanks of their peaks innumerable small 
lakes Collections were made at elevations of 7,000 and 8,000 feet 
The ponds from which the samples were taken did not appear to 
be, In the mam, very promising for the algologist The bodies of 
water, for the moat part snow-fed, were, of course, very cold There 
were no Sphagnum beds about the lakes, which arc often associated 
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with a desmid flora, and the only visible algal growth was a little 
flocculation on the stems of submerged aquatics However, several 
samples proved to be rich m both number and vanety of desmids, in 
addition to many other algae, mostly Myxophyceae 

So far as the writer knows, there are no published reports on the 
algae of the regions represented by these collections This prelimi- 
nary paper will serve, therefore, to increase the list of algae known 
for Oregon and Idaho, and will also add to our knowledge of alpine 
desmid distribution The presence of many lowland forms at 8,000 
feet IS to be expected, perhaps, but their appearance m alpine collec- 
tions is significant from the standpoint of distribution Some forms 
in these collections are apparently new, and others are interestmg 
because of their having been found but a few times in North America 
The writer expects to add to the hst given below with supplementary 
papers that will include some genera of desmids not represented 
herein 


List of Speciis 

PEKitTM ctTctniBiTiNtTM Biss f MINUS W andO 8 West, West and 
West, BnUsh Desrmdiaceae^ I 95, PI IX, Fig 16 1904 
Length 46 Mi width 21 M PI XVI, Jig 8 Seven Devils 
Range, Idaho Previously reported from alpine regions m Brit- 
ish Columbia 

CosuARiuH Boeckii Wille, West and West, Bnitsh Desmidtaceae, 
III 234, PI LXXXVI, Figs 26-32 1908 Forma 
Length 34 5 Mi width 31 6 Mr isthmus 7 6 m Seven Devils 
Range, Idaho Widely distributed m North America Much 
variation is to be noted in this species in the arrangement of 
granules Our speoimens are more nearly hke the form figured 
by the Wests from North America in Trans Ltnn 8oc Bot , 6, 
PI XV, Fig 7, than any other American expression 
CosMAKHTM BoTRTTis Men^ , West and West, Bnhsh Z>s«- 
mtdxaceae, IV 1, PI XCVI, Figs 1-2, 5-16 1911 
Length 109 2 Mi width 89 7 m, isthmus 26 6 M Wallowa Mts , 
Oregon Previously reported from alpme regions m Colorado 
and British Columbia Generally distributed 
CosMARTW CAELATCTM Ralfs, West and West, Brtksh Demtdtaceae^ 
III 134, PI LXXVI, Figs 6-7 1908 
Length 42 M> width 33 m* isthmus 14 m Wallowa Mts , 
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Oregon Generally distributed, but no previous alpine record in 
North America 

CoBMARixiM Hammbbi Reinsch var homalodermcm (Nordst ) W 
and G S West, West and West, Bnitsh Desmidiaceaet II 182, 
PI LXII, Figs, 22 23 1905 

Length 64 ju, width 46 8 /u Wallowa Mts , Oregon British 
Columbia Newfoundland 

Our specimens showed a peculiar and frequent tendency to 
form abnormal semicells In undergomg cell division the senu- 
cells do not disengage but build a much enlargtnl new portion m 
common, so that there are two isthmi and three semicells This 
characteristic has been noted also by Taylor (17) 

CosMARiuM Hammeri Remsch var protuberanb W and G S 
West, West and West, British Desmidtaceae^ II 183, PI LXII, 
Figs 24, 25 1906 

Length 24 /i, width 21 isthmus 6 ju PI XV, Fig 18 
Seven Devils Range, Idaho Previously recorded from Michigan 
and Iowa 

CosB&ARiuM MAROARiTATUM (Luiid ) Roy & Biss , Wcst and West, 
British Demidtaceae^ IV 18, PI XCIX, Figs 8, 10 1911 

Length 78 k, width 60 isthmus 21-22 p, Seven Devils 
Range, Idaho Widely distributed 
CosMARiUM Menbghinii De Br4b , West and West, British Des- 
mtdiaceaei III 90, PI LXXII, Figs 29-32 1908 Forma 

Length 24 ju, width 15 p, isthmus 3 4 /u PI XVI, Fig 11 
Seven Devils Range, Idaho Widely distributed but no previous 
alpine record 

Our plants arc somewhat larger than usual 
CosMARiuic OBUQUXUA Nordst , West and West, British Desmidi* 
aceact III 49, PI LXIX, Figs 18-21 1908 Nothocosmartum 
ohhquum (Nordst) Raciborski, Desm NowSf 1888, p 98, t 6, 
Fig 13 

Length 21 /i, width 10 p Commonly forming short filaments 
of 4-6 cells PI XVII, Figs 1-6 Foothills of Cascade Mts , 
Oregon Previously reported only from Washington Our speci- 
mens seem to belong to € obhquumt but the preserved material 
did not show asdle chloroplasis, as described for this species, but 
distinctly parietal The morphology and the arrangement of cells 
into filaments, together with the peculiar chloroplast, seem to the 
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writer to warrant taking this plant from the genus and perhaps 
assigning it to its original position as a species of Nothocosmarium 
CosMARiUM OCHTHODES Notdst VEf AMOEBUM W West, West and 
West, Bniisk Desmidtaceacj IV 11, PI XCVIII, Figs 4 6 1911 
Ix'ngth 97 6 pt, width 74 2 Mr isthmus 23 4 m PI XVII, Fig 7 
Wallowa Mts , Oregon Mississippi, Newfoundland 
CosMAftiUM ORNATUM Ralffi, West and West, British Desmtdiaceaei 
111 151, PI LXXVIII, Figs MO 1908 
Length 32 m» width 35 Mr isthmus 117 m Seven Devils Range, 
Idaho Widely distributed 

CosMABiUM OVALE Ralfs, West and West, Bniish Desmxdiaceae^ III 
267, Pi XCII,Fig 1 , PI XriII,hig 1 , PI XClV,Fig I 1908 
Forma 

Length 163 8 Mr width 93 6 Mi isthmus 38 m With a double 
row of granules extending nearly across the base of the seinicell, 
and with a single row within the lateral margins in the lower half 
of the seraiccll, two rows within the margins in the lower half 
and two rows within th( margins in the upper half of the semicell 
In side view ov ate, with a double row of granules at the base of 
the semicell extending m from the margins but not extending 
completely across th< nudregion With a central band of granules 
extending from the apex of the scmiccJl to near the base, the 
band four granules wide at the apex, narrowing to a double row 
at the base PI XV, Pigs 16 17 Seven Di vils Range, Idaho 
This form is remindful of a similar expression described by 
Prescott and Magnotta (14) from Michigan, but referred to 
Casmanum denlwulatum Borge A somewhat similar plant has 
appeared m collections of Isle Royale desmids under the writer’s 
observation I am of the opimon that the plant referred to above 
AS C dentirulalum and the form of C ovale listed abo\e are ex- 
pressions which have not been hitherto noted or described Ihe 
question arises whether or not the typical form of C ovale might 
possess the granules arranged as mentioned above, a character 
which has been overlooked because of the great density of the cell 
content Certainly this handsome species requires further critical 
study 

CosMARiUM suBBEiNscHii W West var ocellatum W and G S 
West, Taylor, Pap Mtch Acad Sci , Aria and Letlera, 19 207, 
PI XLVIII, Fig 8 1934 lorma 
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Length 33 width 32 isthmus 6 m With a scrobiculation 
in the upper part of the semicell and a large papilla at the base, 
just abo\e the isthmus PI XVI, Fig 10 Se\pn Devils Range, 
Idaho Typical form reported from Newfoundland The presence 
of the papilla at the base of the simiccll is a distinct vanation 
and, if constant, our specimens should be give n a form name 

CosMARitTM stTBSPECioeuM Nordst , West and West, Bntish Des~ 
midtaceaef III 252, PI LKXXIX, Iig 11, 1908 
Length 85 8 Mi width 62 Mi isthmus 25 4 ju PI XVIT, Fig 8 
Wallowa Mis , Oregon No previous alpine record for North 
America 

CosMAKiUM TAXicHONDRUM Lund , West and West, British Des- 
midiaceaej IV 45, PI CIII, higs 11-13 1911 
Ix!ngth 42 M» width 39 isthmus 9 m Seven Devils Range, 
Idaho Widely distributed 

CoBMARiUM TETRAOPHTHALMUM De Br^b , Wost and West, Bntish 
DesmidiaceaCf III 270, PI XCV, Figs 4-7 1908 
Length 101 5 Mi width 85 5 m» isthmus 27 3 m Wallowa Mts , 
Oregon Reported from ulpino regions in Colorado Generally 
distnbuted 

CosMARiUM TiTMiDUM Lund , West and West, Bntish Desmidtaceae, 
II 160, PI LX, Fig 18 1905 

Ixmgth 39 M» width 33 m, isthmus 9 2 m Seven Devils Range, 
Idaho Described as rare m Great Britain Generally dis- 
tributed in North America 

Xanthtuium antilopaeum (De Br<^b ) Kuetz , West and West, 
Bnttsh Desmtdiaceae, IV 63, PI CVIII, Figs 7-18 1911 
Forma 

Length 46 m without spmes, width 39 m without spines, isthmus 
13 8 M PI XVI, Fig 6 

This form is very similar to one figured and described by 
Borge from Paraguay {Arktv f Bot ^ 1 CIV, fab 4, Fig 4) It 
is, however, somewhat smaller than the South American form 

Xanthidium armatum (De Br^^b) Rab \ar rissuM Nordst , West 
and West, Bnttsh Desmtdtaceaef IV 54, PI CV, F'hgs 1-2 1911 
Length 109 m without processes, 140 6 m with processes, width 
74 M without processes, 101 5 M with, isthmus 31 2 m PI XVI, 
Fig 2 Seven Devils Range, Idaho Previously reported from 
Newfoundland only 
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Xantbidium cristatum De Br6b var UNciNATtrM De Br^b » West 
and West, Brtitsh Demtdtaceaef IV 73, PI HI, Figs 2-4 
1908 

This very common vanety showed many modifications in re- 
spect to length and disposition of spines This was especially true 
of plants from the Cascade Mts PI XVI, Fig 1 ^ven Devils 
Kamge, Idaho Wallowa and Cascade Mts , Oregon 
Xanthidium pseudobrnqalicum Gr5nblad, Taylor, Pap Mich 
Acad Set , Aria and LeUerSt 19 276, PI LVI, Fig 16 1934 
Length 70 p without spmes, width 66 ju without spines, 120 jti 
with spmes Thickness 29 m Wall densely punctate PI XVI, 
Figs 4“5 Wallowa Mts , Oregon 
This very handsome species has but one other North American 
record, from Newfoundland It was orginally desenbed from 
northern Russia 

Staurastbum aristifsrum Ralfs, West and West and Carter, BrU- 
tah Deamtdtaceaef V 22, PI CXXXII, Iigs 10-11 1924 Forma? 

Length 30 /i, width 39 fj. with spines, isthmus 6 2 jU PI XV, 
Figs 7-8 Seven Devils Range, Idaho 
Our specimens are questionably assigned this name The 
spmes m ours are directed rather sharply downward, instead of 
diverging In shape of semicell and in width of isthmus it is 
somewhat like var proiuherana W & G S West 
Statjbastrum BRAfiUUKNSE Nordst var Lundellh W West, West 
and West, Brtitsh Deamtdtaceaef V 36, PI CXXXV, Figs 12- 
13 1924 

Length 160 /i, width 165 isthmus 40 p PI XV, Figs 6-6 
Seven Devils Range, Idaho Generally distributed but no pre- 
vious alpme record 

Staurastbum polonicum Racib , Krakow Akad Spraw 

kam fizyogTf 19 17, Fig 10 1884 var coroaulatum, var 
nov — Seimoellulae coronulatae, basi urceolata, margiuibus 
lateralibus m lobum brevem horiaontalem rotundatum productis, 
2-3 lobis simillbus in semioellulae facie visis, apice in 4 lobos 
(quorum duo videntur) sursum directos diviso, margine inter 
lobos coneava, sinu extrinsecus late aperto, m apicem acutum 
gradatun contraoto, isthmo latissimo, oellulae membrana oraase 
granulata, granulis m annulis concentricis oiroum lobos dispositis, 
a vertioe visae orbieulatae, 8 lobis brevibus radiantibus teteque 
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rotundatis ornatae^ mcisuns apice obtuBOf spatio quo lobi sepa- 
rantur lobi iatitudini fere aequah, ciroulo4 loborum ad medium 
apatium mtermargmale posito, lobia granuloa m 5 sencbua dis- 
poaitoa praebentibua, latitudii;ie 4(M3 /i, longitudme 50-53 /x, 
crassitudme 40-43 /x, isthrno 14 5^16 y. PI XV, Figs 11-15 
Wallowa Mta , Oregon 

This variety differs from the typical chiefly in the shape and 
the number of apical lobules In face view the incisions between 
the lobules are much deeper and more pronounced In vertical 
view there are 4 of these lobules rather than 6, as m the typical 
form The size of our plants is approximately that of the typical, 
but the prop^irtions are different, the Idaho plants being ahghtly 
longer m relation to width This is the first record for 51 polom- 
ctxm on the continent (See the note on page 145 ) 
STAtJRASTHU&t cusPiDATUBd Do Br4b (forma) 

Width 37 /X with spmes, 19 5 /x without spines PI XVII, Fig 9 
Wallowa Mts , Oregon 

Our specimens appear to be identical with a form which is 
illustrated by Delponte, Specimen Deamtdtacearum subalpinumf 
PL 10, Fig 31 1873 

Staurastrum LONOTSPiNtTM (Bail ) Arch , West and West and 
Carter, Brtttak Desmtdtaceae, V 33, PI CXXXIV, Fig I 1924 
Jjength 97 5 /x, width 136 5 y (with spmes) PI XV, Figs 1-2 
Seven Devils Range, Idaho Previously reported from North 
America m Honda only 

Staitbastrum lo>oispinum (Bail) Arch var bidentatum (Wittr) 
W and G S West, West and West, Bniish Dcsrrwdtoceas, V 
34, PI CXXXIV, Figs 2-3 1924 
Jjength 81 9 y, width S9 7 y without spmes, isthmus 23 /x PI 
XV, Figs 3-4 Seven Devils Range, Idaho Previously reported 
from New York, New Hampshire, and Newfoundland 
STAnBASTRtm MINNE 80 TKN 8 B Wollc, Smith, Phytopkinkton of the 
Inland Lakes of Wtsemstn lit Wis Geoi and Nat Hist Surv , 
Bull 57,81, PI 71, Figs 14-16 1924 
liongth 105 3 y witli spmes, 91 5 /x without spines, width with 
spines 124 8 y, without spmes 81 9 /x* PI XV, Figs 9-10 Seven 
Devils Range, Idaho 

Our specimens frequently showed an additional number of 
spines at the angles 



142 


Gerald W Prescott 


Staurastrum pachyrhynchtjm Nordst , West and West, Brtttsh 
Desmidtaceae, IV 151, PI CXXI, Figs 8-9 1911 
Length 36 /i, width 35 /i, isthmus 7 8 PI XVII, Fig 12 
Seven Devils Range, Idaho Previously reported from Minnesota, 
Michigan, and Pennsylvania 

Euastrum BiniuNTATUM Nacg , West and West, British Desmidi-- 
aceae, II 39, PI XXXVII, higs 16 19 1905 
Length 60 4 Ml width 37 Mi isthmus 10 m PI XVII, hig 13 
Wallowa Mts , Oregon Previously reported from alpine Colo- 
rado Generally distributed 

Euastrum Didelta (Turp ) Ralfs , West and West, British Des^ 
mtdtaceae, II 15, PI XXXV, Figs 3-7 1905 
Length 140 Mi width 66 3 Mi thickness 46 8 Mi isthmus 12 m 
PI XVII, Fig 10 Seven Devils Range, Idaho Widely dis- 
tributed 

Euastrum okmmatum De Br^b , West and West, British Dcswidi- 
aceae, II 63, PI XXXIX, Fig 19 1905 
Length 54 Mi width 69 Mi isthmus 94 m PI XVI, Fig 9 
Seven Devils Range, Idaho Generally distributed 

Euastrum oblongum (Grev ) Ralfs, West and West, British Desmt- 
diaceae, II 12, PI XXXIV, Figs 7-9, PI XXXV, Fig 2 1905 
Length 148 m» width 70 Mi isthmus 19 5 m PI XVI, Fig 7 
Seven Devils Range, Idaho Widely distributed 

Euastrum pinnatum Ralfs, West and West, Brtttsh Desmidiaceaet 

11 10, PI XXXIV, Figs 3-6 1905 Forma 

Length 117 Mi width 78 m» isthmus 19 5 m PI XVI, Figs 3, 

12 Seven Devils Range, Idaho 

Our specimens are assigned to Euastrum pinnatuMt but they 
show some noteworthy vanations from this species which sug- 
gest hybridisation The upper lateral angles and the polar lobe 
are clearly those of pinncUum, as is the disposition of protuber- 
ances m face view The proportionately greater width and the 
basal angles suggest E humerosum Ralfs The mucilage pore 
between the two central protuberances is a character of E ob- 
longum (Grev ) Ralfs 'Hie open smus (not narrowly Imear m 
any specimens observed) is a character that belongs to none of 
the species mentioned above, as they are described It occurs to 
the writer that the mucilage pore may be a character of E pin- 
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naium which has been overlooked m describing and faguring this 
plant In Plate XVI, Figure 12, is shown an apparc nt encyst- 
ment of E ptnnalum A very thick membranf has been formed 
about the cell, apparently by the contracting and solidification of 
the surrounding mucilagi This membranous covering suggests 
an explanation for the ability of dtsinids to become dormant over 
a period of unfavorable en\ ironmental conditions without resort- 
ing to zygospore formation 

Euabtkum sinuobum Ixjnorm var keducium W and G h West, 
West and West, Bnlish Desmidiaceae^ II 22, PI XXXVT, Pigs 
2-3 1905 

length 60 6 fXj width 39 /i, isthmus 12 /i PI XVII, Pig 11 
Seven Dev ils Range, Idaho 

Euastrum spinulosum Delp var inihmius Nordst , Kneger, Ar- 
chtv f If ydrobtol , Sxippl 11 215, PI 21, Fig 7 1912 
Length 81 9 width 66 3 isthmus 19 5 ju PI XVII, Figs 
16-17 Wallowa Mts , Oregon New for North America The 
typical form has bttn reported from Indiana 
Our specimens are a little larger than usually given for this 
variety 

Euastrum verru cosum Ehr var alatum Woiie, West and West, 
British Desmidiaceaet II 67, PI XL, P ig 6 1905 
Length 105 3 )u, width 89 7 /i, isthmus 23 4 /x PI XVI J, P ig 
16 Seven Devils Range, Idaho Generally distributed 

Euastrum vi^rrucosum Ehr var rhomboideum Lund , Nov Acta 
Reg Soc t/p«,8(3), PI XV, Pigs 8a, 8b 1871, Borge, 

Rot, 18, No 10 16, Taf 2, Pig 17 1922 Forma 
Length 113 Hidth 113 fx, isthmus 32 m PI XVII, Fig 14 
Seven Devils Range, Idaho 

This variety, os figured by Lundell (11), does not show the 
prominent lateral extensions just below the apical lobe Hom- 
feld (7) and Borge (2) have figured t xprcssions of this plant simi- 
lar to ours and they assign it to var rhomboideum Cushman (5) 
and Wailes (19) have forms which they designate as unnamed 
varieties It is the opimon of the w nter that this form should be 
separated from the variety as originally desenbed by Lundell 

Albion Collbob 
Albion, Micuiqan 
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NOTE 

Since the writing of this papi r Dr Nelhe Carter has published 'Alpine 
Desmids from British Columbia*' Ltnn Soc Journ Bot , 60 lol“174 1935 
Included is a plant fp 172, figs 29--30) identical with Slaurattirum polontcum var 
coronulatum var nov (pp 140-141 of my article), a form which she has named 
Euaatrtdtum verrucoHuniy sp n My prefeirnee for retaining this plant in the 
genua Staurastrum w'lll be discussed in a later paper 
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EXPLANATION OF PLATE XV 

1-2 Staurostrum lonRiapinum, X 204 
3-4 St longUpmum var bidentatum, X 352 

6- ^ St Braailietise var Lundellii, X 264 

7- 8 bt ari8tif<‘rum, X 480 
6-10 St minnfvdotensc, X 264 

11-15 St poionicum var coronulatum, var aov , 11-13, X 352, 14-15, X 480 
16-17 Cosmanum ovale forma, 16, X 264, 17, X 352 
18 C Ham men var pratubcrans X 352 





EXPLANATION OF PT ATE X\ I 


1 XiinthKliuin mstatum viir uncinutum X 440 

2 X HrmHttiTii var fiKHum X 440 

3 Fuastruni piiinatum forma X 440 
4-6 Xanthiduim psf iKlohon{cali<*um, X ilO 

6 X an tilopai urn forma X 600 

7 Luaxtriim ohlonKum X 330 

K Penmm eucurbitinum forma minoi, X 600 
9 Luastmm gommatum X 600 

10 Cottinanum eubri inMchii var (Ufliutiiin X 600 

11 C MonoKhinn X f»00 

12 Fuastrum pinnatum tormn X 330 




I XPLANATION nV PI A U WII 


1-6 Ciyumiirium obliquum^ X (100 

7 ( orUthndtB vai amot bum X 440 
H C MubKjM‘Cio«um X 440 
9 Stauriwtiuni cu^puiatum forma X 140 

10 Luttatmm X 440 

11 h HtnaoHum \ tir rtduttum X HO 

12 Staurawti uin pa< byrh>nrbum X 6(K> 

1*1 IjUaBtrum hull iitatum, X 440 

14 E veriur4>j*um var rbf>mboulf um X 310 
lo F vcrrttcoBum var alatum X <330 
10-17 I '<puiuiosum \ur inerinms X HO 
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UNUSUAL AGARICS FROM MICHIGAN III* 

ALEXANDER H SMITH 

I N THE following account a total of twenty-four species dis- 
tributed m thirteen genera of the Agancaceae are discussed 
Sixteen of these have apparently not been previously reported as 
occurring within the State of Michigan Galenda Bihginea (Fr ), 
comb nov , and CoUybta palustns (Pk ), comb nov , have been 
proposed 

The collections from Wilderness State Park in Emmet County, 
and also those from the vicinity of the University of Michigan 
Biological Station at Douglas Lake, Cheboygan County, were of 
exceptional mterest, and indicate that continued collecting m these 
areas during the fall months will yield much additional information 
concerning the aganc flora of the state 

The changes in the fungous flora of a recently burned-over bog 
(Mud Lake Bog) near Whitmore Lake, Washtenaw County, are 
also being followed with considerable interest Before being burned 
the bog was visited frequently by the mycologists of Ann Arbor, 
and thus its fungous flora was comparatively well known Since 
the fire m 1931 the wnter has visited the area regularly, and many 
agancs not previously found there have been recorded In fact, 
many of the species are apparently first reports for the state and 
have furnished very interesting data on the distribution of species 
in this family 

The collection numbers and the photographs are those of the 
wnter unless otherwise stated The collections have been deposited 
in the Herbanum of the University of Michigan 

List of Species 

CoLLYBXA AMBUOTA Ft (PI XXI, Fig 3) — PUeus 1-3 5 cm 
broad, convex at first, with a alight umbo, m age expanded- 

* Papers from the Dopartmont of Botany and the Herbanum ol the Um- 
veraily of Michigan, No 534 

lit 
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plane, slightly depressed or with a small almost papillate umbo, 
glabrous, when moist lubricous to subviscid, subhygrophanous, 
entirely opaque or striatulate on the paler margin, ** bone-brown 
to ** fuscous,” margin slightly paler, fading to “wood brown” 
or *‘blsto” (at first a blackish cast is predominant but m age 
sordid bniwn colors are prominent), margin incurved when young, 
flesh dark gray, cartilaginous, lamellae narrow, close, adnate, 
tapenng to the margin, pale grayish at first, becoming grayish 
brown (nearly “avellaneous”), darker m age, stipe 3-4 cm 
X 1-3 mm , concolorous with pileus or paler, terete or com- 
pressed, tough, glabrous to coarsely prumose-soabrous at the 
apex, flesh blackish, base gray and cottony from the matted 
mycelium, spores 4-5 5 p, globose, smooth, baaidia four-spored, 
38-42 X ^-7 /n, cystidia not differentiated, pileus trama fiia- 
mentose, surface covered by a very thm subgelatinous pellicle, 
odor and taste farmaceous 

Collections 33-1010 and 33-1146 were made on the burned 
area of Mud Lake Bog, Whitmore Lake, Sept 25 and Nov 3, 
1933, respectively The close narrow gills and the prumose stipe 
separate the species from C atrata Fr The spores appear to 
be roughened owing to the presence of many small oil droplets 
near the periphery, but the exospore is smooth Some spores 
appeared to be obscurely angled A form was found m shaded 
mossy places (33-1146, Nov 3, 1933) In which the stems meas- 
ured 4-7 cm X 1-2 mm It was typical m other respects 
however 

Collybia palustns (Peck), comb nov (-» Agancue paluster Peck, 
Ann Rep New York State Cab , 23 82 1872, Mycena pedue^e 
(Pk) Sacc, Syll Fung ^ 6 282 1887, Agancm (cttcomyosofap 
Cooke and Smith, Gretnlka, 13 57 1886, CoUyhia leuc<myo8<h 
He (Cke & Siniib) Sacc, SyU Fung ^ 6 220 1887) — Pileus 
1-2 5 cm broad, convex with a small papilla, broadly oomc 
and papillate, plane or slightly umbillcate, often beootmng 
broadly campanulate with a sharp umbo, “olive-brown” when 
fresh, pellucidly striate to near the apex, fading to grayish 
white near the morgm or “huffy brown,” very hygrophonous, 
covered by a white bloom when young, glabrous, margin inrolled 

* AU namea ol odors within quotation marks are taken from E* Bidgway, 

Color Biandardu and, Color Nomondaiuret 1913 
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and white-pruinose, flesh soft and watery, odor and taste 
farinaceous, lamellae narrow to broad, close to subdistant, ad- 
nate or with a slight tooth, ‘*pale smoke gray/' becoming watery 
gray, rather thick at tunes and somewhat venose, the faded 
cap and gills nearly unicolorous, stipe 4-10 cm X 2-7 mm dia , 
gray, paler than the pileus, covered by a white prumosity when 
young, glabrous in age, hollow, very watery and fragile, spores 
^ X 4“5 /i, basidia four-sporwJ, 25-28 X 5-8 C3nstidia not 
differentiated, pileus trama homogeneous 
This IS a common fungus in sphagnum bogs during the spring 
and early summer Coker and Beardslce (3) have followed 
Lange and Schroeter in using the name C clusihs Fr for this 
species, and have also pom ted out that Mycena palusier Pk 
is the same Specimens and photographs of the Michigan col- 
lections were sent to Mr A A Pearson in England, who has 
reported that the plant is well known there under the name 
CoUybia leucomyosotu Cooke & Smith In his letter Mr Pearson 
stated that cystidia were not present in the English material 
A very different Collybia is also known under the name C 
dimhs m Europe, apparently much more commonly known 
than the fungus Schroeter collected Thus seems best to 
use the name C clusilis for the former fungus Smee the de- 
scnption of Agancus {Collyhta) leucomyosotia was published in 
1886 and that of Agancus (Mycena) palusier in 1872, it becomes 
necessary to use the older speciflo name in a new combination 
The specimens illustrated in Plate XVlIl were collected on 
sphagnum in Mud Lake Bog, Washtenaw County, May 21, 1932 
(32-8) 

CoBtiNARiUB Mtrcosxjs (BuU ) Kioken sensu Kauffman (8) — Under 
pme at Wilderness State Park, Emmet Co , Oct 12, 1934 (1142) 
Kauffman (8) gives the distribution of this species as from Mary- 
land to Alabama 

CoBTmABius SPHAONOPHILUS Peck — Singly m a sphagnum bog, 
Cheboygan Co , Oct 8, 1934 (1102) Kauffman (8) states that 
this species is known only from the type locahty The writer's 
matcnal is typical m every respect The watery spots were 
oonspiououE and confined to a sone near the marg^ of the cap 
The stems measured 12-15 cm X 12-13 mm and were family 
Tiolaoeous at first 
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Dictyolus jRETiRtrais (Fr ) Qu^l (PI XXV, Fig 4) — On Tn* 
chochoUa tomenieUa (Ehrh ) Dum in Rees* Bog, Burt Lake, 
Cheboygan Co , Oct 18, 1934 (1161) Pileus S-IO mm broad, 
membranous, broadly spatulate, grayish brown, very pale but 
striae dark and conspicuous, surface unpolished, margin incurved 
and minutely tomentose, lamellae radiating, very narrow and 
foldlike, strongly intcrvcnoso and at times appearing almost sub- 
poroid, stipe lacking, point of attachment eccentric or lateral, 
spores 8~10 X 6~8 /u 

This species seems to be both rare and widely distributed 
Kauffman (7) reported it from Mt Hood, but described the 
spores os 7-8 X 4 4 5 /u Brcsadola (2) describes the spores of 
Cantharellua bryophtlus Pers as 6-8 X 3 5*4 6 ju and those of 
C retirugie Bull as 8-10 X 5 5-7 m The spores of the Michigan 
matcnal agree well with the measurements of Bresadola 

Galertjt a capillaripeb (Pk ) Murr (PI XXI, Fig 2) — Pileus 
3-15 mm broad, convex to obtusely conic, subhygrophanous, 
near ^‘ohve-brown” or **mumray*brown*^ at first, rather dry 
and with a hoary sheen, fading to near “avellaneous” and then 
atomate, margm shghtly stnate, lamellae close, equal, moder- 
ately broad, narrowly adnate, edge even, pallid, becoming dull 
ochraceous tawny, stipe 1 5-3 cm X 1-2 mm , pale gray and 
striate at first or white fibrous-pruinose, sometimes glabrous m 
age, base dark brown or becoming vinaceous brown, odor and 
taste none, consistency very fragile, spores 9-11 X 6-7 pale 
ochraceous, cystidia on gill edge only, 8-10 /z broad, “nmepm”- 
shaped, pileus corticated by a layer of inflated pjoiform cells, 
occasional narrow hyphae project through the layer and cause 
the hoary appearance of the young pile! 

The fruiting bodies are extremely fragile and difficult to handle 
So far as the writer has been able to determine, the species 
has never been adequately illustrated His collections were 
made on freshly manured soil on the campus of the University 
at Ann Arbor, July 6, 1934 (62) 

Oalerula aiUginea (Fr ), comb nov (PI XXI, Fig 1) ( « Galera 

nhgtnea Fr , Eptcnm SyeUtnaits Mycologtcit p 206 1836) — 
Pileus S-25 mm broad, obtusely conic, becoming obtusely cam- 
panulate in age, often splitting to the disk, rarely somewhat 
expanded, glabrous, viscid at first, subviscid to lubnoous at 
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maturity, “light grayish olive" to “smoke-gray" or darker and 
a dull steel-gray at first, becoming more brownish m age, umbo 
usually “buffy brown," “cmnamon-buff," or “cream-buff," with 
a grayish cast always present, not striate, subhygrophanous, 
lamellae close, narrow to moderately broad m agi, equal, whit- 
ish gray then ochraceous tawny, edge white , stipe 3-7 cm 
X 1-2 mm , equal, pallid gray, longitudinally fibrous-stnato over 
all when young, whiU pruinose-fibrous in age or becoming 
nearly glabrous, striae sometimes disappearing, odor and taste 
none, consistency rather firm, spores 12 16 X 7 9 ellipsoid, 
pale ochraceous tmder the microscope, basidia two-spored, 
28 30 X 8“11 cystidia on gill edge only, 25 28 X 7-9 
“ mnepin "-shaped , pileus trama corticated by an tvtn row of 
pyriform pedicellate cells, a thin layer of gluten covers this 
layer m the unexponded pilei 

This species was exceptionally abundant on a new seeding of 
grass on the University Campus at Ann Arbor, June 12, 25, 
and 26, 1934 (14, 43, 48) The gray colors were characteristic, 
the buttons and the unexpanded pilei being practically pale 
fuhgmeous similar to many species of Mycena The brownish 
colors come into prominence at maturity 
GoMPHimus 0 LUTIN 08 US Fr (PI XIX) — Gregarious under red 
pmC; Oct 10, 1934, Wilderness State Park, Emmet Co (1122) 
When young the pilei wore “daik vinaceous gray" to “vma- 
oeous slate" and “ cmnamon-drab " when fading In age they 
were “brownish drab" or brighter The stems were intensely 
yellow at the base and white above The veil was gelatmous 
and very well developed, which caused the cap and stipe to be 
very glutinous, and the gills were white at first Mumll (13) 
gues the distribution as “northeastern Umted States " Kauff- 
man collected it m Idaho This, with the writer's collection, 
mdicates a much wider distribution 
GoMPHiDiue visciDUs f COLUMBIANA Kauff (PI XX) — Under 
Pinna resinom Ait , Umversity of Michigan Biological Station, 
Douglas Lake, Che^ygan Co , Oct 10, 1934 (1105, 1121) Two 
forms were found, one with the cuticle broken up mto large 
patches and the second glabrous and typical Collections were 
made during a dry spell following a period of heavy rainfall, 
and it is quite likely that the breaking of the cuticle into patches 
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was due to weather conditions The stems were covered by 
“orange-rufous” hbnls up to the obsolete annular zone When 
handled, the flesh of the stem and the fibrils became a delicate 
rose color, which deepened into a dull red as the specimens 
dried Kauffman (6) says “This American form occurs defi- 
nitely throughout the Rocky Mountam and Pacific Ckiast states 
Specimens from California slightly larger than usual are in the 
herbaria mentioned Whether any of the collections from 
eastern United States usually referred to G vi9Ctdua actually 
belong there I am unable to say " The report of the foregoing 
form by Bisby, Buller, and Dearness (1, p 120), from Kenora, 
and the Michigan collections extend its range eastward to the 
Great Lakes region The pilei m collection 1105 measured up 
to 7 cm broad, but were identical in other respects 

Hygrophorits CHRY80D0N Fnes On needle beds under conifers, 
Oct 11, 1034, Rees' Bog, Cheboygan Co (1138) Kauffman 
included this species m his Agancaceae of Mtchtgant but stated 
that it had not been found m the state The writer's collection 
was typical in every respect 

Htqrophobtjs TEPHRonEucus Fr — Pileua 10-25 mm broad, 
com ex to plane, occasionally slightly depressed, viscid, appear- 
ing appressed-fibnllose under a lens at first, in age fibrils arranged 
m small patches, but the surface appearing nearly glabrous to 
the naked eye, pale gray, disk sometimes darker, boooming 
ashy to whitish gray m age, lamellae subdistant, adnate-decur- 
rent, broad, white, stipe, white fibrous-punctate near the apex, 
more or less fibrillose l^low, sohd, in age the fibrous points tend 
to become gray or blackish, viscid when young, dry at maturity, 
the gelatmous sheath very delicate and often young specimens 
appear to be without it, spores 8-10 X 4-5 /a, ellipsoid, no oys- 
tidia seen, pileus with a thm gelatinizing pellicle, otherwise ho- 
mogeneous, gill trama of divergent hyphae 
Abundant on debris and needles, Mud Lake Bog, Cheboygan 
Co , Oct 8, 1934 (999), Rees' Bog, Cheboygan Co , Oct 9, 1934 
(1108), and Oot 11 (1135) As a rule, the margin of the pileus 
18 even, but m some specimens it was sulcate to broadly “scal- 
loped ” The white fibrils on the stipe, which darken in age, 
are oharaoterlstio 

Lactahius BEsneus Fr — Under aspen and balsam, Wilderness 
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State Park, Emmet Co , Oct 12, 1934 (1232), and at Cross 
Village, Oct 7 (994) The fruiting bodies were pure white, 
and the pilei were viscid The coarse, matted tomentum near 
the margin was very charactenstic, and the large spots on the 
stipe distinguish it from L cihcioidea Fr , which m addition is 
said to have scanty milk and somewhat darker colors 

Naucoria ciTNTUNCUtA Ft (PI XXIV, Fig 2) — Pileus 6-40 mm 
broad, convex to flat when young, plane or with a turned-up 
margin at maturity, glabrous, hygrophanous (obscurely so m 
large specimens), striate, stnae usually conspicuous, "sepia,'' 
"Saccardo's umber,” or "Isabella color,” when faded the disk 
often becomes lighter than the margin, lamellae close, adnexed, 
narrow to moderately broad, concolorous with the pileus, edge 
whitc-fimbnate, stipe 1-2 cm X 1 5 3 mm , watery, concolor- 
ous with the pileus, evenly covered by mmute paler fibrils, 
tubular, base more or less cottony, odor when flesh is crushed, 
acidulous, taste sharp, spores 6-6 5 X 4 ju, 6 7 X 4 /i, 7-8 
X 4-4 6 broadly oval or flattened on one side, basidia four- 
spored, 30“33 X 6-7 cystidia on gill edge only, fusoid-ventri- 
cose to clavate, 30-40 X 7 11 pileus trama homogeneous, 
oi elongated colls 6-10 ^ in diameter, those near the surface 
colored 

On decaying wood of deciduous trees, rather common in both 
the nortlwrn and southern portions of the state (Ann Arbor, 
Sept 23, Jb33 [33-1004], Harbor Spnngs, Aug 17 [33-645], Cross 
Village, Aug 21 [33-727], Trout Lake, Aug 24 [33-738]) The 
photograph was taken by Professor E B Mams This very 
ordinary-appearing fungus is not rare, but one seldom collects 
the small nondesenpt frmtmg bodies m sufficient numbers to 
warrant a careful study The plants described above are con- 
sidered typical by the writer We have m the state several 
forms approaching this species very closely which still remain 
to be studied Kauffman reported this species, but had not 
studied it critically 

NAtrcoRiA FiRMA Pock — Collected by C H Kauffman at New 
Richmond, Sept 12, 1920 This collection was found among 
Professor Kauffman's undetermined specimens For a descrip- 
tion and an illustration of this species see Smith and Wehmeyer 

(li) 
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Nattcoria lubriciceps Kauff <fe Smith (PI XKV, Fig 2) — This 
8|>ecie8 was exceptionally abundant in Rees' Bog and at Mud 
Lake Bog in Cheboygan Co, during October, 1934 (Oct 8 
[997], Oct 9 [1111], Oct 11 [1140], Oct 17 [1230]) The 
spores of these collections \^cre found to mtusurc (7) 8-10 
X 5-6 M In the original description (9) they were given as 
5 5 7 X 3'4 ju Upon ret^xamimng the type specimens the spores 
were found to measure b-8 X 4-5 ft or 7 9 X 4-5 5// (m dif- 
ferent pilei) The measure nunts of the spores of the 1934 
collections were all made from spon deposits The pileus trama 
has a compact layer of tissue ovei the surface which appears 
to bo cellular in tangential section The size of the cells vanes 
considerably, but m the wnter's collections they measured 
5 10 (12) ^ in diameter In the younger pilci, b<»cause of the 
compact nature of the remainder of the flesh, the trama appears 
practically homogeneous In age the surface layer gelatinizes 
slightly and causes the cap to feel slippery when touched 
Frosted pilei are fretjutiitly Hub\ iscid 
Ompiiaua BispHAERiQERA Laiigc — Gnganoufe on sphagnum or 
other mosses in bogs and under spruce in more open woods 
Pileus 5-20 mm broad, conic to convex, often without an umbo 
or with a slightly depressed disk, fiihgincous to watery gray, 
hygrophanous, fading to a sordid pallid gray, sometunes nearly 
white, glabrous, striate when moist, opaque when faded, carti- 
lagmous (small water-eoaked spccimins flaccid), margin curved 
in against the gillj^ but not inrolled, odor and taste farmaceous, 
lamellae close to subdistant, bluntly adnate or with a decurrent 
tooth, in age subdecurrent, narrow to moderately broad, widest 
at base, concolorous with pileus, stipe 3-7 cm X 1-2 5 mm , 
fragile-cartilaginous, rigid (subflaccid if in a very wet habitat), 
pale gray to nearly white, glabrous, subtranslucent, undulate, 
and often crooked, pileus trama evenly filamentose, spores 
7-9 (10) Ml globose, appearing finely echlnulate, pale bluish gray 
with chloralhydrate-iodine, basidia two-spored, cystidia not 
differentiated or 25- 30 X 7-9 m and subfusoid 
This species was fairly abundant in Rees' Bog, Burt Lake, 
Cheboygan Co , during Oct , 1934 (1088, 1106, 1133, 1148, 1164) 
Kllihner (11) has described this species accurately, but since his 
descnption is rather maccessible to American investigators it 
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seemed best to describe the American collections As he has 
pomted out, the species is quite vanable Some collections have 
the aspect of a Mycena, some of a C^llyhia, and some of an 
Omphalia In fact, the specimens which the writer collected 
reminded one more of a Mycena than of an Omphalia The 
gills were nearly always bluntly adnate The spores, however, 
are its most distinctive character and “poss^do une membrane 
triple compos^e d'une ^pispore lisse et amyloidc et deux autres 
membranes non arnyloides une m<^so8pore orn6e et un endospore 
lisse bien distmcte’* (Kuhner, p 68) Lange (12) has given 
the name Omphalia hiaphaengera to the plant Ricken described 
as 0 Btnaepilea Fr 

Omphalia pktrusa Ft (PI XXII, Fig 1) — Pileus 2-5 cm 
broad, center depressed, margin m rolled, convex to somewhat 
flatteiled, becoming nearly plane with a depressed disk or subin- 
fundibuhform at maturity, the margin remaining broadly de- 
curved or approximately horizontal, densely pruinose at first, 
evenly bister'^ over all, glabrous, margin faintly stnatulate or 
opaque when moist, hygrophanous, fadmg to a dull ash gray, 
flesh soft and watery ‘‘bister” when moist, pallid when faded, 
lamellae close, narrow to moderately broad, broadly adnate to 
subdecurrent at first, decurrent at maturity, “bufly brown” 
usually with a glaucous sheen, stipe 3 6 cm X 2-4 mm , color 
of the pilous, glabrous above the white cottony base, longitudi- 
nally stnate from the sphttmg of the cuticle, spores 4~5 X 3-4 p 
(not mcluding projections), covered with projections 1 5-2 p, long, 
cystidia not differentiated 

Groganous on sphagnum, Oct 13 and 16, 1934, Mud I^ake 
Bog, Cheboygan Co (1149, 1159) This is a very distinct 
species and is most closely allied to the large form of Omphaha 
epickysiumf which is found on humus and moss The spores 
definitely separate the two, however The stems in the collec- 
tions given above were found to be attached deep in the moss 
llie pilei seldom projected more than one or two oentuneters 
above the sphagnum, and as a rule they were either partially 
buried or resting directly on it The stems are very weak, but 
do have a cartilaginous rmd This, together with the relation- 
ship to 0 epichyatumf clearly places the fungus m Gmphaha 
Omp«aua epichtsium Fr (H XXII, Fig 2, PI XXIII, Figs 1-3) 
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There are three forms <A this species in Michigan which can be 
distinguished by their habitat The form described by Kauff- 
man in Agancaceae of MtchigaUt p 818, is the typical form 
It is common throughout the state on decaying logs The 
photograph (PI XXIII, Fig 1) was taken by Professor E B 
Mams from material collected near Harbor Springs 

The second form is illustrated by Figure 2, Plate XXII, and 
Figure 2, Plate XXIII This form is usually found growmg 
singly to greganously on humus among mosses such as Polyirt- 
ehum 3umpennum Wild , but it has been found on chmrred 
humus and among sphagnum as well The descnption is of the 
collection from which the photographs were made Pileus 
1 5-4 5 cm b*oad, flat or slightly umbihcate when young, be- 
coming broadly vase-shaped in age, but the margin remammg 
dccurved or becommg horizontal, glabrous, hygrophanous, 
** mummy-brown'' or nearly black, becoming grayish brown 
when faded, margin more or less stnate when moist, flesh 
soft and watery, lamellae long-decurreut, distant to subdistant, 
narrow (3 mm ), grayish brown with a glaucous bloom, darker 
in age, slightly mtervenose, stipe 3-4 cm X 2-6 mm , terete 
or compressed, dark “mummy-brown" to blackish, grayish 
cottony or tomentose below, glabrous and smooth above, watery 
and fragile, tubular, spores 7-8 X 4 hyaline, ellipsoid, smooth, 
basidia four-spored, cystidia not differentiated, pileus trama 
homogeneous, odor and taste not distmctive 

The third form (PI XXIII, Fig 3) was found growing di- 
rectly from the moss gametophytes much after the manner of 
Omphalia Gerardtam Pk 'The descnption is of material col- 
lected in Rees* Bog, Cheboygan Co, Oct 18, 1934 (1163) 
Pileus 12-20 (40) mm broad, becoming broadly mfundibuliform, 
disk broadly depressed at first, glabrous, hygrophanous, “bone- 
brown” to “fuscous" on the disk, “buffy brown" near the 
margin, fading to pale gray, when moist the stnae conspicuous, 
flesh weak and fragile, lamellae narrow, close to subdistant, 
deourrent, oonoolorous with pileus, stipe 2-4 cm X 1-2 mm , 
concolorous with the pileus, glabrous, base white-myoeUdd at 
attachment, spores 6-7 X 4 Mr pdeus trama homogeneous, oys- 
tidia not differentiated 

The writer at first was disposed to regard the second form as 
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distinct from the first Mr Carleton Rea, to whom specimens 
were submitted, was inclined to consider the second form 0 
eptchyatum^ since Fries reported that species from humus as 
well as from decaying wood Later during the season of 1934 
the writer collected both forms and compared them m the fresh 
condition No distmguishmg characters could be discovered 
except the difference m habitat The third form has the habit 
of 0 Gerardtanat but in other respects the writer could not 
distinguish it from either of the other two The third form 
seems to resemble 0 phtlonoUs very closely and may possibly 
be that species Murnll considered 0 montana Pk to be the 
same as 0 eptchynum 0 moniana is very probably the form 
found on humus 

Omphaua Gkkardiana Pk (PI XXIV, Fig 1) — Since this spe- 
cies has been confused with 0 epichynunit it seemed advisa- 
ble to publish the photograph For a description of the species 
see Kauffman, Agancaceae of Mtchtgan, p 819 The spores 
of the writer ^8 collections measure (6) 7''9 X 3 5~4 /i This 
species is not ordinarily collected m abundance although from 
the wntor^s experience it is by no means rare During the 
spring of 1934, however, it was a common species on sphagnum 
at Mud Lake Bog, Washtenaw Co " 

OUPHALIA QRAciLiB Qu^l ( » Agaricus, Mycena immacuiata Pk , 
Ann Rep New York State Mus , 38 41 1885, Mycej^ irnmacn-* 
UUa (Pk ) Saccardo, Syll Fung , 5 264 1887, Omphalopets tm~ 
maculata (Pk ) Murnli North Am Flora, 9 312 1916) — It is 
clearly evident from the descriptions of Bresadola (2) and Kon- 
rad and Maublanc (10) that the fungus known in America as 
Mycena immacuUUa (Pk) Sacc is the Omphalia described by 
Qu^let For a description of the Amencan material see Kauff- 
man, Agancaceae of Michigan, p 796 

Omphalia picta Ft var concolor Lange (Pi XXV, Fig 3) — 
Pileus 8-12 mm broad, conic to campanulate, margin appressed 
against the stipe at first, surface covered by a grayish bloom 
when young, soon polished and lubricous, stnate nearly to the 
apex, *' fuscous" to "bone-brown" on the disk, margin grayish 
to brownish, striae fuliginoous, gills distant or subdistant, 
moderately broad, arcuate and deourrent by a long tooth, glau- 
cous gray or whitish, intervenose, edge even, stipe 2-4 cm 
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X 1 5-2 mm , pale brownish gray to nearly white, glabrous, 
prumose above, spores 6-7 X 3 elhpsoid, smooth, basidia 
four-spored, 30-82 X 6-7 cjrstidla 30^ 32 X 7-8 jUj rough- 
ened by short rodlike projections, on the edge only, pileus 
trama homogeneous, a few enlarged cells scattered near the 
surface 

Collected at Mud Lake Bog, Washtenaw Co , Nov 3, 1933 
(33-1147) As Lange has |K)inted out, this is not the typical 
form of the species The writer's material corresponds exactly 
to Lange's description of the vanoty except for the slightly 
shorter stems 

PLBtnaoTUS TREMULUS Fr — On moss and debris, Rees' Bog, Burt 
Lake, Oct 9, 1934 (1112), and Oct 18 (1162) Hosier (4) has 
recently reported this species from Tennessee and describes it 
well Apparently the writer's collections form the first record 
of Its occurrence m Michigan 

Plutbus CHRYSoPHAFue Fr — Pileus 2-3 cm broad, campanulate, 
becommg expanded and abruptly umbonate, umbo usually 
rugose-reticulate, glabrous, dull “russet" to “Rood's brown," 
subhygrophanous and fading to “cinnamon-buff" or “cinna- 
mon," margin striate when moist, often splitting radially m 
age, lamellae free, close, broad, white but changmg to incarnate, 
o\ al m outline , stipe 3-5 cm X 2-4 mm , white or sordid 
whitish gray, longitudinally fibrous-striate, sohd at first, be- 
commg tubular m large specimens, odor and taste slightly 
farinaceous, spores 5-7 X 5-6 ^i, globose or broadly ellipsoid, 
flesh color m mass, cystidia on sides and edges of gills, 60-75 
X 12-18 /X, fusoid-ventncose, not branched at apex, pileus 
trama with a surface layer of clavate to pyriform cells filled 
with a dork brown content, cells about 40 X 20 /x with a pedicel 
18-20 X 5-6 fit some cells m the layer were found to be elongated 
and cystidia-like 

Gregarious on old beech logs, Blisswood, Harbor Spnngs, 
Aug 17, 1933 (33-648) and Dexter, Oct 5 (33-1014) The 
striate margin and the cinnamon-brown pileus place the Michigan 
collections in this species Mr H C Beardslee, who has studied 
in detail the forms in this group, is also of the opinion that 
this fungus is P chryaophaeue It is identical with P adnurabtha 
Pk m stature and structure, but differs typically in the color 
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of the cap P phlebopkorus m said to be darker, with a more 
conspicuous rugose-reticulate nonstnate cap Iho fungus de- 
scribed above is rather common throughout the state 
PsiLOCYBt 8ARCOCEPHALA Fr — Near the base of a tree, Ann Arbor, 
Sept 30, 1934 (984) The pilei y,cvc hygrophanous, pale watery 
brown when moist and fading to buff, the flesh was ngid-carti 
laginous and the gills a dull reddish brown Ihe spore pnnt, 
however, is a true dull purplish brown Konrad and Maublanc 
(10, PI 45) describe and illustrate the species as the writer 
has found it except that the spores in his collection measure 
6-8 X 3~4 5 p and are thus slightly smaller than the measure- 
ments given by the French m\estigators (7~9 X 3 5-5 p) 
Tricholoma PE8SUNDATUM Ir sensu Ricken — ■ Pileus 6-14 tin 
broad, convex, broadly umbonate or the margin elevated, gluti- 
nous when fresh, ‘Smaceous” or “orange-cinnamon” on the 
disk, nearly white on the margin, not at all striate or hygroph- 
anous, flesh thick, white, odor strongly farinaceous, taste 
bitter, lamellae close, narrow to moderately broad (^-O mm ), 
sinuate, whiU, edge even or slightly broken, with reddish brown 
spots m age, stipe 4-8 X 1 2-2 cm , solid, with orange-brown 
flbnls below, apex pruinose, often with scattered brownish spots 
m age, spores 5-6 X 3 m# smooth, ellipsoid, basidia 18-20 X 4 
four-spored, cystidia not differentiated, gill trama homogentous, 
cells moderatdy long and somewhat interwoven, pileus trama 
with a differentiated gelatmous layer over the surface, floccose 
tissue below 

On netdle beds under comfers, Saginaw Forest, Ann Arbor, 
Nov 2, 1933 (33-1136), and Wilderness State Park, Emmet 
Co , Oct 10, 1934 (1130) This species has been collected m 
the west by Kauffman, but apparently has not been reported 
from Michigan At Wilderness Park it formed large arcs under 
the rather open stands of Pmus restnosa 
Tricholoma tumidum Fr — On humus under oak trees, Ann Arbor, 
Oct 14, 1932 (32 575), Nov 2, 1933 (33 1134), and Nov 28, 
1934 (1172) This species has appeared regularly late m the 
fall in one locality for the last four years It is a very fleshy 
but fragile spt'Cies, and the pilei are usually broken as a result 
of being pushed up through the debris In late fall it usually 
remains buried under the leaves and Is easily overlooked Kauff- 
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man \n his unpublished notes mentioned that at tunes the fungus 
possessed a radish^ike odor, and that the flesh often turned in- 
carnate m age or when bruised The writer’s collections have re- 
peatedly verified Kauffman’s observations At times water-soaked 
specimens may become dull reddish brown on both cap and 
stipe In others the color change is very slight The collections 
cited above somewhat resemble the variety Kiethn of Phillips 
and Plowright, but differ in possessing a radish-like odor rather 
than an odor of new meal and in growing m oak rather than 
in pine woods 

Tubaria pellucida (Ft ex Bull ) Gillet scnsu Konrad and Maublanc 
(10) (PI XXIV, Fig 3) — Pilous convfx to plane or slightly 
depressed; 8-40 mm broad, “Hay’s ruaset” to “cmnamon- 
nifous,” hygrophanous, fading to “light vmaceous cinnamon” 
or “onion-skin pink,” opaque to stnate when moist, margin 
decorated with white patches from the veil, appressed-fibnllose 
to glabrous over the disk, lamellae broad, close to subdistant, 
adnate-deemrent, concolorous with pilous, edge slightly eroded, 
stipe 3-4 cm X 3-4 mm , color of pileus but appearing paler 
because of the loose fibnilose covenng, hollow, fragile, spores 
7-9 X 4-6 ellipsoid to slightly flattened on one side, pale 
ochraceous in mass, cystidia on gill edge only, 30-60 X 8-10 /i, 
clavate or with wavy outhnes, gill trama homogeneous, inter- 
woven, pileus trama homogeneous 
On sticks and debris m open woods and along roadsides, 
StockbrJdge, Oct 10, 1933 (33-1121, 33-1120), Ann Arbor, 
Nov 28, 1934 (1168) Konrad and Maublanc (10) consider 
T pdluctda and T furfuracea to be identical Collections of 
the two have convinced the writer that the only difference is 
one of sise and that alone is not a reliable character The small 
form illustrated (PI XXV, Fig 1) was found on sticks in a 
grassy woods road while the larger form was common on sticks 
in the woods There seems to be little information oonoeming 
the species of this genus within the state The fungus desenbed 
above was rather common around Ann Arbor during the latter 
part of October and November in 1933 and 1934 
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CONTRIBUTIONS TO A STUDY OF THE 
FUNGOUS FLORA OF NOVA SCOTIA 


II AGARICACEAE AND BOLt:TACEAE * 

ALEXANDER II SMITH AND LEWIS E WEHMEYER 
INTRODUCTION 

A lthough the province of Nova Scotia w perhaps one of the 
. most favorabk localities in North America for the study of 
fleshy fungi, very little is known of the agaric flora of the region 
Previously, so far as the writers have been able to determine, only 
two hundred species and varieties in the Agancaceac and forty- 
six in the Boletaceac have bitn reported for the province During 
the summer of 1931, from the first part of July through the first 
week in September, the weather was particularly favorable for the 
development of fleshy forms, and an intensive study of them was 
made As a result of this study and of some additional collections 
by the junior author in 1930 and 1933, the following list has been 
compiled It contains twenty-five? species m the Boletaceac, three 
of which are apparently first reports for the province, and thre»e 
hundred and thirty-six speuts and varieties of the Agaricaeeae, of 
which two hundred and seventeen are apparently first reports 
The hst as published gives an accurate impression of thi relativt 
distribution of species within the genera of the Agancaceae as they 
occurred m 1931 In the genus Cortinanus forty-four species are 
listed This is only a fraction of the number of species which will 
eventually be found in this area, but, as their number indicates, 
the species of that genus were more numerous tlian those of any 
other Although the period during which the work was carried 
on did not include the height of the season for species of Mycena, 
continued search yielded twenty-two species, many of which were 
of exceptional interest The number of species of Russula and 
Lactarius was also notable Species of certain genera, however, 

* Papers from the Department of Botany and the Herbarium of the Uni- 
versity of Michigan, No 473 
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such as Hebeloma, Pleurotus, and Naucoria, were rare The fact 
that collecting was not earned on late into the fall months, how- 
ever, may account for much of this seeming rarity 

(^ertam species were quite abundant, Amamta muscanaf per- 
haps, leads the list It was abundant when collecting began and 
n appeared in large numbers throughout tht summer whenovtr 
weather conditions iiermitted it Trtcholoma saponctceum was fre- 
quently found on needle beds of spruw and fir, and was the only 
member of the genus which could bf found regularly in 1931 
Lactanus helvus was exceedingly common in bog areas, as was also 
Phohoia caperata 

A glance at the list shows that the majority of the specus are 
those commonly found in both Jburope and America There are 
a number of reports, however, which are of particular interest in 
this connection Armillarta ventneosa^ which is sup{>oscd to be 
southern in its range, was found in considerable abundance under 
spruce and fir Corhnanuft traganus was rather common during 
the latter part of the season, but does not seem to have been re- 
ported previously in North America C and C tnumpkamf 

two characteristically northern species, were well represented in the 
agaric flora Both are considered very rare Phdiota irachysporaf 
which, according to Overholts (12), Is known only from the type 
locality m Colorado, was also collected Mycena gntmauUensis 
Kaufif and Oomphidtus subroaeus Kauff are two examples of species 
which were described from material collected on the Pacific Coast 
The collection numbers are those of the junior author The 
collections have all been deposited in the University of Michigan 
Herbarium Unless otherwise indicated, they were made by the 
senior author and m Colchester Ckiunty For a description of the 
localities in which the fungi wert collected see Wehmeyer (19, p 237) 

LIST OP SPECIES 

Species reported for the first time are marked with an asterisk 

AGARICACEAE 

•Amanita bisporigbb Atk — Under hemlock, Upper Brookside, 
August 19, 1931 (798) Frequently seen after the middle of 
August and usually smaller than Amamta vema 
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•Amanita brunnfscens Atk — On humus m coniferous woods, 
Salmon River, July 15, 1931 (631) 

Amanita flavoconia Atk - On humus m mixed woods, July, 
1930 (143, 199), coll LEW, Upper Brookside, July 10, 1931 
(603) 

Amanita muscakia Fr — On soil under spruce, Upper Brookside, 
June 28, 1931 (511), Upper Brookside, J urn 29, 1931 (524) 
•Amanita pokphyuia Pr — On humus in spruce woods, Upper 
Brookside, July 27, 1931 (705) 

Amanita rubescfns PY — On grassy placiB near spruce, 1930 
(194), coll LEW, Upper Brookside, July 1, 1911 (542) 
•Amanita soinAuiA Pr — On humus under spruce, Upjier Brook- 
sidt, August 19, 1931 (797) A single perfect fruit body was 
found 

Amanita vfrna Fr — On humus under hardw<K>dH, Mt Thorn, 
August 15, 1931 (763) 

Amanita virosa Fr — On humus in mixinl forest, Upper Brook- 
side, August 12, 1931 (763a) 

Amanitopsis vaoinata Fr var alba Saoc — In open woods of 
maple, Upper Brookside, August 14, 19 U (753) 

Amanitopsis vaoinata Fr \ar pulva 8acc ^ On humus under 
beach and maple, Folleigh Lake, July 20, 1931 (685) 

Amanitoisis vagina r a Fr var livida Pk - On humus in mixed 
woods, Victoria Park, Truro, 1930 (234), coll LEW, Victoria 
Park, Truro, July 4, 1931 (562) 

•Armillaria adnati folia (Pk ) Kauff On a dry slope under 
spruce, Upper Brookside, August 18, 1931 (779) 

Armillaria mellea Fr — On decaying stumps, Upper Brookside, 
September 3, 1931 (868) 

Armillaria ventrkosa Pk — Gregarious, on humus under spruce, 
Salmon River, July 14, 1931 (644) Kauffman (6) questioned 
the occurrence of this species m Nova Scotia because it seems 
to have a southern distribution We found the species to be 
abundant and typical In every respect It develops slowly 
during favorable periods, and persists for a considerable length 
of time 

Armillaria viscidipes Pk — Singly, under spruce and birch, 
Upper Brookside, July 25, 1931 (699) One large specimen was 
found, the odor was distinct, but the stipe was only slightly 
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viscid There seems to bo little doubt, however, that this is 
the fungus which Kauffman (6) collected in Colorado The 
slight viscidity of the pileus, the buff or brownish color, the 
tendency to stain ochraccous, the spores, strong odor, and 
stature are distinct 

Cantharfllus aurantiacus hr — On debris m mixed forests of 
beech and fir, Upper Brookside, July 24, 1031 (703), coll LEW 
This usually common species was found but once 
Cantharkllus ciBABius Fr — On humus in mixed woods. Upper 
Brookside, July 10, 1931 (598) Rather common 
*Cantharellus clavatus Fj —Gregarious, on a hillside under 
spruce and fir. Upper Brookside, August 11, 1931 (732), coll 
LEW 

Cantharellub ploccosus Schw - Gregarious, under spruce and 
fir, often covering large areas, Victoria Park, Truro, August 16, 
1929 (224), coll LEW, Upfier Brookside, Ju]> 7, 1931 (581) 
This is one of the most common species of the genus, and by 
far the largest, the vasehke fruit bodies were often 12 "1 4 cm 
broad and free from larvae C ctbanus was widely distributed, 
but was not so abundant as C floccosus in 1931 
Cantharelujs rNFu^rniBULiFORMis Fr — Gregarious, under coni- 
fers, Upper Brookside (607), Earltown Road, August 21, 1931 
(801) 

*Cantharellu8 lutescens Fr — Gregarious under spruce on 
swampy ground, Uppt'r Brookside, August 11, 1931 (733), coll 
LEW Burt (1) has placed this species m Craterellus, where 
it may well belong However, it is listed under the genus 
Cantharollus here because the hymenmm, instead of being merely 
wrinkled, was formed by true gill-Uke ridges An excellent 
illustration of the species is given in Iconea Farlomanae (2) 
*Ci*AUDOPU8 VARiABiLis Fr — On sticks and loaves, Upper Brook- 
side, July 18, 1931 (667) This species is very abundant after 
periods of prolonged wet weather and can be found over wide 
areas, the small fruit bodies are attached to small sticks, leaves, or 
other bits of debris which happen to be lying on the forest floor 
•Clitocybe connata (Schum ) Bres — Around a very decayed 
stump, Earltown Road, August 21, 1931 (807) 

♦Cutoctbe CTATHiPORMia (Bull ) Ft — Scattered, on an old beech 
log, Earltown Road, August 26, 1931 (824) 



Fungous Flora of Nova Scotia 167 

'Clitoctbe decora Fr — On a log, Folleigh Lake, July 20, 1931 
(681) 

Olitocybe ecttpoides Pk — On a coniferous log, Mt Thom, 
August 15, 1931 (677a) 

Ct-iTocTtBE GiLVA Ir sensu Ricken — Under fir on a moist grassy 
hillside, Upper Brookside, August 17, 1931 (764) The watery 
spots on the pileus, the globose echinulate spores, and the long- 
decurrent and narrow gills, as well as the yellowish tan pileus, 
serve to distinguish this species 

Clitocybe iNFUNDiBULiFORMis Fr — Oil soil, Upper Brookside, 
July 1, 1931 (549) 

Clitocybe (laccaria) laccata Fr — On the mossy bank of a 
stream, July 26, 1929 (171), coll LEW, Upper Brookside, 
June 27, 1931 (504) 

Clitocybe leptoloma Pk At the base of a beech stub. Earl- 
town Road, August 18, 1931 (787) 

Clitocibe (laccaria) ochropurpurea Berk — On soil, Upper 
Brookside, July 12, 1931 (652) 

Clitocybe odoka var anise area Pk — Under spruce, frequent. 
Upper Brookside, July 18, 1931 (653) 

Clitocybe piceinta Pk — Closely gregarious, on humus in a conifer- 
ous woods, Salmon River, September 7, 1931 (896) 

Clitopilus abortivus B & (' — On hardwood debris. Upper 
Brookside, September 8, 1931 (896) 

Clitopilus alboqribeus Pk — On soil under conifers, Upper 
Brookside, July 17, 1931 (650) 

'Clitopilus novaboracensis Pk — On hardwood debris, Upper 
Brookside, August 14, 1931 (758), coll LEW 

'CuTopiLus ORCELLA Fr — Under spruce, Upper Brookside, August 
18, 1931 (774) 

Clitopilus phunulub Fr — Under fir, Upper Brookside, July 7, 
1931 (580), Upper Brookside, Sept*mber 3, 1931 (58oii) This 
species and C orceUa mtergrade frequently The forms listed 
hero were separated chiefly on the character of the pileus surface, 
a distinctly viscid and a dry form being clearly recognisable 

CoLLYBiA ACERVATA Pr — On humus in a mixed woods, Upper 
Brookside, August 27, 1931 (828) 

‘CoLLYBiA ALCALiNOLENS Pk — Upper Brookside, July 26, 1929 
(128), coll L E W 
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CoixTBiA BtTTYRACEA Ft — Oil bumu8 Under spruce, Upper Brook* 
side, July 18, 1931 (696) 

"CoLLYBJA CLUBiLis sensu Schrottcf “ In a sphagnum bog, 
Upper Brookside, June 27, 1931 

"Colly ai A confluens Fr -On humus m mixed woods, Upper 
Brookside, July 18, 1931 (666) Rather frequent late m the 
summer 

CoLLYBiA DKYOPHiLA Fr - On sphagnuin, Upper Brookside, June 
28, 1931 (512) 

"CoLLYBiA FAMiLiA Pk — Oil a inoss-covcrcd log, Earltowu Hoad, 
August 21, 1931 (800) 

"CoLLYBiA WYRiABOi HTLLA Pk — On a moss-covcred log, Earltown 
Road, August 21, 1931 (804) 

(''otLYBIA PLATYPHYLLA Ff — C^oII LEW, 1930 (95) 

CoLLYBiA HABicATA Fr — On soj), colJ A R Prince, 1930 (129), 
Upper Brookside, July 8, 1931 (589) 

CoLLYBlA nABICATA Ff Var FURFURACFA Pk — On soil, Iruro, 
July 15, 1931 (630), ooU Mrs L E Wehmeyer 
COLLYBIA RABiCATA pusiLLA Pk — On humus, Mt Thom, August 
15, 1931 (758) 

"CoLLYBiA TUBEH08A Fr — On old fuiigous remains, Salmon Rjver, 
August 13, 1931 (748) 

CopRiNUS MICACEUS Ff — On soil, Upper Brookside, September 9, 
1931 (897) 

"CopKiNus MiBER Karst — On rabbit dung. New Glasgow Road, 
June 30, 1931 (527) 

CopBiNUB PLTCATiLm Fr — On lawn, Truro, July 9, 1933 (1577), 
coll LEW 

"CoRTiNARius ACUTUS Ft Greganous, on moss under spruce, 
Upper Brookside, September 5, 1931 (886) 

"CoRTiKAHiuB ANNT 3 LATUB Pk — On humus In a mixed forest of 
beech and spruce, Folleigh Lake, August 29, 1931 ($42) 
CoRTiNARius ANOMALUs Ft — Grogarious, on humus in a beech 
woods, Salmon River, August 18, 1931 (770) 

CoBTiKAHius ARMUiLATua IV — Very common m mixed forests 
after the middle of August, Salmon River, August 13, 1931 (742) 
"CoRTmARius BOLARiB Fr — On humus and debris m a mixed forest, 
Earltown Road, August 21, 1931 (781) One of the most sink- 
ing species of the genus but found only m the one locality 
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CoRTiNARius cANiNus Jr — Grcganous, on humus, Upper Brook- 
side, September 5, 1931 

CoRTiNAnius CASTANEus Fr - Greganous, under spruce on a 
mossy hillside, Upper Brookside, Septomb( r 6, 1931 (891) 
^CoRTiNARius CHRVsoLirus Kauff — Singly, on sphagnum, Salmon 
River, August 13, 1931 (744) The spores of this collection 
average 7 8 X 4-5 fx, but otherwise fht specimens fit the de- 
scription as given by Kauffman (7) There was no odor or taste, 
and the sporea were not subglobose 
ConTiNARiTTS ciNNAMOMEUS tr — On humus under spruce, gre- 
ganous, rather frequent, Upper Brookside, July 8, 1931 (582) 
^CoKTiNARitTS coiinuoATus Pk — On humus in a biech-mapie 
forest, Folleigh lake, July 10, 1931 (669) Found but once 
rhe pilei were 5-^10 cm broad, *ochram>us oiango*' ^ to “ 2 inc- 
orange,*' fadmg to **ochraceoua buff,” and the surface was very 
corrugated The lamellae were ”palc viokt-gray” when young, 
close, and with eroded edges J he stipe was scarcely bulbous 
^CoRTiNARius cYLiNDRtPEs Kauff — Singly, under fir and spruce, 
Salmon River, July 3, 1931 (556) Not common 
"CoRTiNARius DiLiTTUS Fr - Gicganous, on humus III a mixcd forest 
of beech and fir, Upper Brookside, September 1, 1931 (863) 
Kauffman (7) has reported this six'Cies from the Adirondacks, 
Rooky Mountains, Olympic Mountains, and Mt Hood It is 
apparently rather rare 

^CoRTiNARixJB DURACiNXTS Pr — Scattered, on moss under spruce and 
fir, Upper Brookside , Septombi r 6, 1931 (892) 

"CoRTiNARitrs ERYTHRiNUS Pr — Greganous, on humus under 
maple, birch, and hemlock, Upper Brookside, Sejitembcr 5, 1911 
(883) 

"CoRTiNARiTTs EVKRNius Fr — Greganous, on sphagnum, not infre- 
quent, Uppir Brookside, July 13, 1931 (614) 

^CoRTiNARius riRMUS Ft — C>n grassy soil m an open woods of 
spruce, Upper Brookside, September 5, 1931 (888) The follow- 
ing description is of collection No 888 Pileus 9-14 6 cm broad, 
convex, becoming plane or slightly depressed in age, color vary- 
ing near “ochraoeous tawny,” “tawny,” “russet,” or “cinna- 
mott-browTi,” hghter when young, darker m age, glabrous but 

‘ AU color namoB in quotation marks arc taken from R Ridgway, Color 
fUindard* and Color Nomenclature, Washington D C * 1912 
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appeanng appressed-fibnllosc under a lens, m age appearing 
somewhat variegated, neither hygrophanous nor viscid, flesh 
thick and firm, pallid brownish, lamellae pallid or pale brown 
when young, becoming pale cinnamon m age, edge rather uneven, 
close, broad (0-9 mm ), shallowly adnexed to deeply and nar- 
rowly adnexed, stipe 3-6 cm long, 3-4 cm thick, very short 
and broad, whitish over all at first but lower portion soon rather 
sordid, remaining i^hite and prumose-fibrous above, solid, flesh 
palhd, cortina white, scanty, sjKires 7-8 X 4-4 6 jji, pale brown 
under the microscope, stenk eltments in hymenmm basidia- 
like with dark brown contents, 30-35 X 6-7 y 

Although the specimen was collected during weather which 
was exceptionally favorable for the dtxeiopment of agarics, the 
pileus was not at all hygrophanous This fact distinguishes the 
species from the closely related Corltnanus mhjemigtneus Ihe 
illustration of Cooke depicts the Nova Scotia collection accu- 
rately m stature, but the colors of the stipe are darker than those 
observed in our collection 

CoRTiNARius HERPEHCus Pr — Groganous, on a wet hillside under 
spruce and fir, Jharltown Road, August 18, 1931 (78t)) 

CoBTiNARius HiRcmus Fr — Gregarious, under spruce and fir, 
Upper Brookside, September 6, 1931 (882), Upper Brookside, 
September 6, 1931 (882a) Ihis is a stnkmg species, but ap- 
parently rare in North America Kauffman collected it at 
Seventh Lake in the Adirondacks on September 5, 1921 His 
collection apparently is the first record of tht species in North 
America A description of the Nova Scotia collections follows 
Pileus 6- 8 cm broad, broadly conical to convex, plane in age, 
“pallid Quaker drab” when young or with more of a purplish 
tinge, becoming tawny in age, surface apprcssed-silky, often 
with brownish fibrous patches near the margin, disk sometimes 
cracked into areolate patches or tenduig to become scabrous, 
neither hygrophanous nor vwcid, lamellae when young “mauve,” 
soon becoming a dull bluish purple but changmg to “dark grayish 
lavender” as the pileus expands and remoming this color until 
the maturing spores mask it with cmnamon-brown, close, about 
1 cm broad, rounded and deeply but narrowly adnexed, edge 
mmutely eroded-crcnulato, stipe 6-9 cm long, 1-1 6 cm thick, 
base clavate and 25-30 mm thick, flesh colored like the young 
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lamellae or paler, almost whitish in the bulb, surface white- 
fibrillosc from the universal veil, subannular patches often 
present, appressed fibrous-stnate above the cortina, spores 8-10 
X 5 A(, elhpsoid, rough punctate, odor very mtense and very 
disagreeable, resembling somewhat that of rotten potatoes The 
odor from our collections was strong enough to be detected any- 
where in the room in which the specimens were lying 

Our collections differed slightly from the description as given 
by Ricken in that the young gills were not quite reddish violet 
and that this early color was not jiersistent The spores were 
slightly shorter, the gills were a little broader, possessed a dc- 
current tooth, and were not crisped 
CoRTiNAHius INFRACTUS Fr “ Gn garious, on humus under spruce 
and fir, Earl town Road, August 26, 1931 (823), Upper Brook- 
side, August 27, 1931 (823a) 

CoRTiNARius lODES B & C ~ Closcly greganous, under second- 
growth hard maple, Upper Brookside, September 4, 1931 (874), 
Upper Brookside, September 8, 1931 (874a) The spores of 
No 874 measure 7 8 X 4-5 fif y, hile those of No 874a measure 
8“10 X 6*6 5 /i No other differences were found which could 
be correlated with the spore sizes 

'CoRTiNARius JUBERINTJ8 Fr — On swampy ground under spruce, 
Upper Brookside, July 1, 1931 (674) , Earltown Road, August 18, 
1931 (574a) 

CoRTiNARius LiLACiNus Pk ™ On swaiupy ground under spruce, 
Upper Brookside, July 24, 1931 (702) 

CoRTiNARius LUCORUM Fr — Grcgarious, in wet upland woods, 
Upper Brookside, August 27, 1931 (833) 

'CoRTiNARius MALICORIU8 Fr — On humus and needles under spruce 
and fir, greganous, uncommon, Upper Brookside, August 27, 
1931 (838), Upper Brookside, ^ptember 6, 1931 (831) 
"CORTINARIUS Morrisii Pk — Gregarious, m mixed woods, Earl- 
town Road, August 26, 1931 (826), Earltown, August 26, 1931 
(825a) 

CORTINARIUS MUCIFLUU8 Ft — Scattered, under spruce, not un- 
common, Upper Brookside, August 27, 1931 (836) 

^CoRTiNAHiUB MULTIFORMIS Ft — On humuB In mixed woods, 
scattered, Upper Brookside, September 6, 1931 (890) 
"CORTINARIUS NiGRELLUS Pk — Scattered over a small area under 
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hardwoods, Upper Brookside, August 31, (S45), Folleigh 

Lake, August 29, 1931 (845a) 

'CoRTiNAUius FHouDEirs Fr — Gregarious, under fir and beech, 
Upper Brookside, September 3, 1031 (861) 

‘CoRTiNAHiua piuMioBR Ff — Widely gregarious, under fir and 
beech, Upper Brookside, September 3, 1931 (861) The densely 
fibnllose-tomcntose or fibrillose-hairy pileus with the patches of 
the umversal veil clinging to the margin and the very copious 
cortma are characteristic of this species The stipe also is usually 
covered by annular patches from the universal veil, which are 
whitish at first but become brownish in age The flesh is quite 
watery-punctate, a characteristic of hygrophanous species, but 
the fibnllose-hairy covenng of the pilcus m so dense that the 
characteristic fadmg can hardly be noticed, and one is more 
likely to look among the spt cies of Inoloma than in Telamoma 
for a description of his collection 

‘CoHTiNARius 8AX,oit Fr — On humus under maple and beech, 
Upper Brookside, August 27, 1931 (850), Upper Brookside, 
September 6, 1931 (830a) This species differs from C todes in 
the shape of the spores as well as m size In No 830a the spores 
measured 6-7 5 X 55 6 m, those of No 830 measured 6 5-8 
X 5 5-6 /u The shape is very broadly ellipsoid to subglobose 
In C lodes the spores are distmctly narrower as compared with 
their length Konrad (8) describes the species well, but gives 
the spore size as 8-9 X 7 -8 ju and the gills as broad and aduexed- 
emargiuatc In our specimens the gills were adnate and only 
moderately broad The colors of the pileus, the innate fibrib on 
the pileus m age, and the subglobose to very broadly ellipsoid 
spores place our plants m this species 

Kauffman, in 1903, collected a plant near Ithaca, New York, 
with spores 7 5-9 X 7 5-8 /i, which clearly belongs in this group 
of species It is without doubt C salor The distribution of this 
species in North America should include Nova Scotia and New 
York 

ConTiKARius SANQUiNEtTS Fr — Grcgarious, on humus under 
spruce, Folleigh Lake, August 29, 1931 (W3), coll L E W , 
Upper Brookside, August 31, 1931 (843a) 

CoRTiNARius sruTtJLATUS Ff $msu Kauffman — Gregarious, 
under spruce, Upper Brookside, September 3, 1931 (865) 
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CoBTiNARiTJS SEMiSANOUiNEtTS (Fr ) Kauffmati — On soil under 
conifers, Upper Brookside, July 4, 1931 (560) 

CoRTiNARius BPHAFROSPORUS Pk — On humus under spruce, on a 
wet hillside, solitary, Earltovrn Road, August 18, 1931 (782) 
The spores of this collection measured 6 5-7 5 X 5-^ 5 fti^d 
were nearly smooth 

‘CoHTiNARnis SQOAMULoaus Pk Singly, under s( ( ond-grow th 
hardwoods, Upper Brookside, August 31, 1931 (845), Upper 
Brookside, September 7, 1931 (845a) 

CORTINAHITJS SUBPLEXIPES Pk — On soil uiidcr maple and Ix'och, 
Upper Brookside, September 1, 1931 (854) The sports of this 
collection average 7 5-8 5 (9) X 4-5 fi and are distinctly rough- 
ened Maoroscopically the plants fit Kauffman's description 
very well 

‘CORTINARIUS SUBMARGINALIS Pk — On humus under hardwoods, 
Upper Brookside, September 2, 1931 (856) Pikus 6-9 cm 
broad, convex, with a definite decurved margin alx>ut 5 rnm 
broad, bearing scanty fibnllose remains of a veil, ‘‘ydlow ochre" 
to "othraceous tawny" on the disk, margin "warm buff" or 
"light buff", flesh whitish to brownish, very pah , lamellae 
adnate or broadly emargmatc, pale yellow but soon brown from 
the spores, close, broad, stijxi 6-11 cm X 1-2 cm, equal or 
slightly narrowed at the base, pallid, bccommg brownish after 
handling, viscid, solid, not marked by concentric sheaths, 
spores 16-12 5 X 5-6 5 /x, almond-shaped, very rough Peck's 
figure (15) shows a plant with an equal stqie, and a pileus with 
scanty fibnllose remnants scattered along a rather broad margin 
Kauffman groups this species among those with clavato stems 
The stems in our plants were strictly equal or narrowed toward 
the base Since our collection agrees well with Peck’s descrip- 
tion and figures it is referred there without hesitation 
'CoRTiNARiirs suBPULCHRiPOEius Kauff —Scattered, under hem- 
lock and birch, Salmon River, August 18, 1931 (771) 
CoBTiNARius STTBP0RPURA8CENS Fr — Gregarious to subcespltose, 
under spruce and fir, Upper Brookside, August 18, 1931 (791), 
Earltown Road, August 22, 1931 (791a) Common after rainy 
periods in July and August The smaller spores (7 6-9 X 4 5-5 
/*), brownish colors, less pronounced change to purplish where 
cut or bruised, gregarious-to-subcespitose habit, and its habitat, 
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place our collection here rather than in C purpurawene Ft 
The stems, however, were solid 

*‘C0RTINARIUS TBAGANirs Ft — Frcquent under fir and spruce, 
Upper Brookside, August 31, 1931 (849), Upper Brookside, 
September 3, 1931 (849a) Apparently this s{>ecies has not been 
previously reported m North America A description of the 
Amenoaii ooileotions follows Pilcus 4-11 cm broad, convex, 
obtusely umbonate, becoming plant, “light mauve” to “pale 
mauve” over all, fading to whitish or even ochraceous on the 
disk when quite dried out, surface dry, appressed-fibnllosc, 
margm with remnants of veil, matted fibnla aubviscid when 
moist, no true pelhclo present, flesh “light buff” in the pileus, 
somewhat ochraceous in age, thick, spongy, lamellae dull Ulac, 
becoming “buckthorn-brown” very early (before the veils are 
broken), in age “ochraceous tawny” to “tawny” from the 
spores, close m unexpanded specimens but subdistant m those 
which are well develoiied, edge even, adnate at first, slightly 
smuate m age, broad, not vtntricose, stipe fi-lO X 1-3 cm , 
clavate-bulbous at first, becoming nearly equal when the frmt 
body IS expanded, covered by a copious layer of fibrils which 
are colored like those on the pileus, apex paler but fibnllose, the 
fibrils hanging m loose patches along the stipe, becoming white 
m age, flesh of stipe “warm buff,” spongy, spores 7 5^ X 5- 
5 6 ju> elhpsoid, slightly roughened 
Aside from the pale color, Ricken’s (17) figure represents our 
plant remarkably well There is a discrepancy, however, m the 
color of the young gills In our plants the very small buttons 
possessed sordid lilac gills, but long before the spores began to 
form and long before the veils broke the color changes described 
above took place Smee ail the other characteristics were re*' 
markably well represented, it seems best to assign our collec- 
tions to this species Spores from material collected in Sweden 
by Kauffman are identical In siso and markings with the spores 
of our specuuens This species begins to appear as early as the 
first of July, but does not develop properly until after the heavy 
fail rams Clumps of the unexpanded buttons were a rather 
common sight on hillsides under spruoe and balsam dunng 
August 

♦CoBTWARius TR 1 UMPHAN 8 Ft — Gregarious, under conifers, tipper 
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Brookside, Soptember 1, 1931 (851) The spores measure 10-12 
X 5-6 fjt This IS slightly smaller than the size given by Kauff- 
man (7), but chocks exactly with the measurements of Ricken 
(17) An examination of the specimens pieserved in the Uni- 
versity of Michigan Herbarium indicates that the size, as well 
as the tuborculate markings on the spores, varies Although 
this species is reported as rare, it was not infrequent at Upper 
Brookside during the early part of September 
'CoRTiNARius viBRATius Ft — Singly, on mossy ground under coni- 
fers, Upper Brookside, July 24, 1931 (698), Earltown Road, 
August 21, 1931 (698a) The fruit bodies of the Upper Brook- 
side collection were exceptionally large, the pilei measuring 6-10 
cm broad, and the stems 6 15 cm X 12 20 mm The collec- 
tion from Earltown, however, was typical 
CoRTiNARitJS viOLAcrus (L ) Ft - Singly, under spruce and fir, 
Killag Mines, Halifax County, July 30, 1931 (713), Salmon 
River, August 13, 1931 (713a) 

CoRTiNABius Whitki Pk — Gregailous, In mixed conifer and hard- 
wood forests, Mt Thom, August 15, 1931 (761) In this collec- 
tion the pilei wore colored burnt sienna” or “Kaiser brown” 
when moist, but faded to orange or “ochracoous orange,” finally 
beconung “ochraceous tawny ” The gills were “yellow ocher” 
when yoimg becoming “amber-brown” at maturity The stipe 
was yellow ocher above, more reddish near the base, and shghtly 
lighter than the pileus when the latter was moist 
'Crbpidottjs applakatus Ft — On beech logs, FoUeigh Lake, 
July 20, 1931 (683), Now Glasgow Road, July 25, 1931 (683a) 
The sphenoal spores and the narrow tapenng decurrent gills 
mark this species 

‘Crkpidotub barrens Pk — On wood of deciduous tress, New Glas- 
gow Road, June 30, 1931 (513) 

Crepxdotus STiPiTATUB Kauff — On beech debris, Mt Thom, Au- 
gust 10, 1931 (731), Mt Thom, August 10, 1931 (731a), coll 
LEW The pileJ were white when collected, but their watery 
consistency caused them to become a dirty watery gray after 
being handled Upon drying the color changes to “oohraoeous 
tawny ” The stipe was well developed in some specimens, the 
villose tuft on the pileus just above the stem was distmet, and 
the speures were sphencal 
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♦Crepidotub vfhbutus Pk — On beech, Folleigh Lake, July 20, 1931 
(682) 

*Eccilia ATRiDEs Ft — GregariouB, on humus under hardwoods, 
Folleigh Lake, July 20, 1931 (680) 

♦Eccilia rhodocylix Lasch - On an old stump, New Glasgow 
Road, July 25, 1931 (704) Iho spores of our specimens measure 
11-13 X 6-7 6 with the apiculus Ihis species is distinguished 
by the browmsh hygrophanous pilei, which fade to whitish in 
age, the distant, rather thick lamellae which arc white at first but 
soon become a delicate pmk, and the gray stipe 

•Ecciua ROSEOALBOCi trina Atk — On humus under hardwoods, 
Folleigh Lake, July 20, 1931 (676) PiJcus pure white, appressed- 
fibrillose to silky, becoming slightly scaly in age and tinged flesh 
color when the spores mature, subhygrophanous, margin very 
wavy to coarsely crenate, lamellae white, then flesh color, ad- 
nate but with a pronounced decurrent tooth, stipe 4-6 cm 
X 2 3 (4) mm , cartilaginous, very fragile, tubular, pure white, 
spores quite variable, about 9 11 X 6-9 m» odor spicy or fra- 
grant, very pronounced 

♦Fntoloma ctjspiDATUM Pk — On wet humus under hardwoods, 
Folleigh Lake, July 20, 1931 (673), Earltown Hoad, August 18, 
1931 (673a) A vp^ striking species reminding one of certain 
species of Hygrophorus The spores, however, are distinctive. 

*ENTOtoMA OYANEUM Pk — Singly, on humus in a beech-mapl0 
foresst, Earltown Hoad, August 22, 1931 (813) 

•ENTOiiOMA GRANDE Pk * Grcganous, under fir, Upper Brookside, 
July 7, 1931 (679), Upper Brookside, August 28, 1931 (579a) 
Pileus 4r-7 5 cm broad in No 579 and 10-20 cm m No 579a, 
‘*cartridgo-buff*' to “ivory*yellow” or whitish, yellowish or 
brownish tmts predominating, neither viscid nor hygrophanous, 
cuticle adnate, often cracking into various patterns when drying, 
fleshy, hemispherical when young, convex to nearly plane m age, 
scarcely umbonate, flesh thick, white, odor and taste farina- 
ceous, lamellae ooncolorous, narrow or broad (2 cm broad in 
the largest specimen), close, sharply emarginate, seceding, stipe 
6~7 cm X 1-2 cm , equal, fioccose to scaly near the apex, nearly 
glabrous below, ooncolorous, solid, not staffed, spores 8-10 X 
7-0 fif angular, subglobose, cystidia not seen, sterile cells of 
the ventneose, elongating type 
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♦Entoloma GniSEUM Pk — Gregarious, on moist soil, Princeport, 
July 9, 1931 (696) 

*Entoloma LiviDXJM Fr — On humus under spruce and fir, Upper 
Brookside, September 4, 1931 (872) 

*Entoloma luteum Pk “ Singly, under beech and maple, Killag 
Mines, Halifax County, July 30, 1931 (715), Earltown Road, 
August 22, 1931 (715a) Piieus 2-3 5 cm broad, 2-2 5 cm high, 
evenly conical to campanulate, “yellow ocher’' to “ buckthorn- 
brown “ (the yellow seems to form the ground color and the 
brown Unds to give the pileus a streaked appearance), neither 
viscid nor hygrophanous, tending to be more or less fibrous, 
lamellae adnate, whitish at first, then yellowish near the mar- 
gins, finally flesh color from the spores, subdistant to close, edge 
eroded, ventneose, stipe 8 10 cm long, 6 mm thick, concolor- 
oua, whitish at the apex, hollow^ pallid within, striate, glabrous 
or with fibrillosc stnations similar to those on the pileus, spores 
consistently quadrate, 9-12 taste very bitter but not lasting 
This species is easily distinguished but seems to be rare 
♦Entoloma madidum r r — Singly, on humus in a forest of spruce, 
fir and beech, Earltown Road, August 22, 1931 (812) 
^Entoeoma 8AI monbum Pk —Scattered, on humus under hard- 
woods, Earltown Road, August 18, 1931 (786) A very striking 
species, resembling E cusptdatum in texture and stature The 
largest fruit bodies lu our collection measured 5 cm broad and 
11 cm high The bright salmon color distmguished this species 
from E cuspidaium^ which was always found to be a pale waxy 
yellow Both species were growing in the same locality at Earl- 
town, and m considerable abundance, thus enabling a careful 
comparison m the field No intergradmg forms were found 
*Entoloma sericatum Britz — On needles under spruce, Victoria 
Park, Truro, July 23, 1931 (693), Upper Brookside, August 17, 
1931 (693a), New Glasgow Road, July 26, 1931 (693b) 
*Entou)ma BEBiCELLtTM Ft — Scattered, under hardwoods, Upper 
Brookside, August 21, 1931 (898) The pilei measured up to 
26 mm broad, the stems 6-10 cm X 2-4 mm 
*Flammuea dboorata Murr — On moss and d6bns, Salmon River, 
July 15, 1931 (636) 

•Fj4AMMr;i*A LENTA Ft — On buried sticks of birch, Earltown Road, 
August IS, 1931 (785) 
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*FLA.uuvhA SPUMOSA Fr — On oomfer vood, Salmon Elver, August 
25, 1931 (819), Upper Brookaide, August 27, 1931 (831) 
♦GoMPHiDitJB MACVLATUS Fr — Under spruce and fir, Upper Brook- 
side, July 28, 1931 (708) 

♦Gomphidhis atJBBosKxrs Kauff — Under conifers m a boggy area, 
Upper Brookside, August 31, 1931 (848) 

Hbbeloma CRUSTULINIPORME fV — On humus among beech and 
maple, Upper Brookside, September 11, 1931 (853) 
*Hygrophoru 8 BORiiiALiB Pk — In mixed woods, Upper Brookside, 
September 7, 1931 (882) 

•HTGBOPHORtTB cEBAcEtrs Fr — On humus under beech and maple, 
Follelgh Lake, July 20, 1931 (678) 

Htgrophorub CHUiROPHANUs Fr — Under beech on bare eoil, 
Upper Brookside, June 28, 1931 (515), Upper Brookside, June 
29, 1931 (516a) 

Hygrophobps conicub Fr — Greganous, on humus in mixed woods, 
Upjier Brookside, July 18, 1931 (669), Upper Brookside, July 20, 
1931 (695a) 

Hyorophortib EBtrRWEus Fr — Scattered, under simioe, Upper 
Brookside, September 3, 1931 (866) 

♦Hygrophobub mabqinatub Pk — Singly, on humus under maple, 
Upper Brookside, July 18, 1931 (661), Upper Brookside, July 22, 
1931 (661a) 

Hygrophorub minutub Fr —Common, on boU and humus in 
mixed woods, Upper Brookside, July 16, 1931 (651), Upper 
Brookside, July 17, 1931 (661a) 

*HYOROPHORtra nitidxjs B & C — On humus in coniferous woods, 
Salmon Hiver, July 15, 1931 (632) 

♦Hyghophobus Pbckii Atk — On soil and humus under fir, spruce, 
beech and hemlock, common, Upper Brookside, July 4, 1931 
(566) 

•Hygrophobub pratensis Fr — In mixed woods of beech and hem- 
lock, Upper Brookaide, July 18, 1931 (668) 

^Htgrophorub pbatensxb var paulidub Kauff — In a hayfield near 
deciduous trees, Upper Brookside, August 18, 1931 (778) 
♦Hyobophorub PBITTIOINUS Ft — Singly, on humus in mixed woods, 
Upper Brookside, July 18, 1931 (660) 

Hygrophorus pxtkiceus IV -^Scattered, on humua in mixed 
woods, Upper Brookside, August 22, 1931 (914) 
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♦Htorophorus RtJSflULA (Ft ) Kauff — Singly, under maple and 
beech, Upper Brookside, Auguat 27, 1931 (835) 

HyaROPHORUs uNatriNosus Fr — Under spruce, Upper Brookside, 
September 4, 1931 (876) A rare species, distinguished by the 
white gills, which are in striking contrast to the dark color of the 
remainder of the fruit body, the viscidity, and the spore size 

*HypHOLOMA HYOROPHiLUM Fr setisu Ricken — At the base of a 
beech stump, Upper Brookside, September 2, 1931 (859) In- 
frequent but usually occurring in large numbers when found 

♦Htpholoma incertum Pk var sylvesthis Kauff — Singly, on 
debris of deciduous trees. Upper Brookside, July 8, 1931 (592), 
coll LEW 

Htpholoma 8UBi*ATERinuM Fr — Found growing abundantly 
around old stumps of beech and maple, Upper Brookside, June 

28, 1931 (541) 

*Inocybe calauistrata Fr — On soil, under spruce, July 4, 1931 
(570) 

*Inocybe cincinkata Fr — On sandy soil, folleigh Lake, August 

29, 1931 (844) 

•Inocybe eptheles \ar paudipfb (E E ) Heun — On bare sod, 
Upper Brookside, July 3, 1931 (657) 

♦Inoctbe fastioiata Fp — On sandy soil. Upper Brookside, June 27, 
1931 (510), Upper Brookside, July 13, 1931 (612), Upper 
Brookside, July 18, 1931 (664), Upper Brookside, August 12, 
1931 (510a) 

*lNOCfTBE GEOPHILA VET VIOLACEA f LILACINA (Fr ) Heim — On 
mossy hillside, Upper Brookside, August 26, 1931 (820) 

*Ikoctbe hystrix Fr — On humus in spruce woods, Upper Brook- 
side, August 18, 1931 (773) 

*Inocybb lacera Fr — On soil in an old road, Upper Brookside, 
July 3, 1931 (558), Upper Brookside, August 27, 1931 (834) 

•Inocybe i^mroiNOBA f lonoictstis (Atk ) Heim — On an old 
log, Salmon River, July 15, 1931 (6^) 

•Inocybb leptqphtlla Atk — On very rotten wood and d^bns, 
probably coniferous, July 1, 1931 (543), Upper Brookside, 
July 27, 1931 (543a) 

♦Ikoctbb noottlosa Kauff — On soil in coniferous woods, New 
Glasgow Road, Juno 30, 1931 (632), Upper Brookside, July 
6, 1931 (532a) 
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*Inocybe pnoMiNENB Kauff — On soil m coniferous woods, Upper 
Brookside, July 3, 1931 (569), Upper Brookside, July 8, 1931 
(583) 

•Inocybe sambucella Atk — Mixed 'woods, Upper Brookside, 
July 10, 1931 (699) 

*Inocybe BUBOCHBACiiA (Pk ) Earle — On a bare bank m a ravine, 
Upper Brookside, July 9, 1931 (596), Upper Brookside, July 11, 
1931 (596a) 

♦Inocybe vatricosa Fr — On moist soil, Upper Brookside, Au- 
gust 17, 1931 (766), Upper Brookside, August 18, 1931 (766a) 

*Inoctbe viROATA Atk — On humus in mixed woods, Upper Brook- 
side, September 4, 1931 (873) 

♦Lactarius ASPioroiDEft Burl — Gregarious, under comfers, Upper 
Brookside, August 18, 1931 (790) 

*I^CTABrt7S cAMpHOHATrs Fr — On mossy bank, Victoria Park, 
Truro, August 16, 1929 (241), coll LEW, Upper Brookside, 
July 14, 1931 (619) 

Lactaritts chflbdonius Pk — Scattered, on grassy hillsides under 
or near spruce. Upper Brookside, August 17, 1931 (767), coll 
L E W 

*Lactariu8 COLORA8CBN8 Pk — On moss and needles under spruce, 
Upper Brookside, August 13, 1931 (746) 

Lactarixjs DELiciosus Fr " In low swampy woods of spruce and 
fir, Upper Brookside, July 24, 1929 (167), coll LEW, Upper 
Brookside, July 4, 1931 (563), Salmon River, August 17, 1931 
(563a) 

♦Lactahius puuginosus Fr — Scattered, under conifers usually on 
moist hillsides, Upper Brookside, August 18, 1931 (775) 

♦Lactaruis glyciosmub Ft — Under conifers, Upper Brookside, 
August 31, 1931 (850) 

♦Lactarius grisvus Pk — Gregarious, on mossy hummocks In conif- 
erous woods, Upper Brookside, July 13, 1931 (615) 

♦Lactarius helvus Ft — Scattered over large areas, in sphagnum 
bogs, SaJmon River, August 13, 1931 (746) A very common 
species m sphagnum bogs, but never observed in any other 
habitat The odor is very pronounced in the dried specimens 

♦Lactarius hygrophoroides B & C — In the grass along an old 
logging road through a beech-maple forest, Killag Mines, Halifax 
County, July 30, 1931 (716) 
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Lactahitts lignyotus Fr —Under fir in sphagnum on a moist 
hillside^ Upper Brooksidt, July 13, 1931 (613) llus is a rather 
rart species whereas L fultgtnoms is quite common They seem 
to intergrade considerably Typical specimens of L hgnyotus 
were found only m sphagnum while L fuhgtnosus was quite 
common on various sulistrata under conifers 

*Lactariu8 lxjteoltts Pk — Gregarious, under hardwoods and 
along old roads, Killag Mines, Halifax County, July 30, 1931 
(714) 

liACTARnJS PiPERATtTS Fr — On humus m mixed woods, Victoria 
Park, Truro, 1930 (243), coll L R W 

*LACfTARius PTJBESCEN8 Fr ficnsw Brcs “ Under hemlock, Upper 
Brooksidc, August 12, 1931 (737) 

*Lactarius representanevs Bntz — Under conifers, Upper Brook- 
side, August 18, 1931 (789), Upper Brooksido, August 25, 1931 
(789a) 

•Lactarius RidiMUS Fr — Under conifers. Upper Brookside, 
September 4, 1931 (877) 

Lacttarius BCKOBicuLATtrs hr — Under hemlock, Upper Brookside, 
August 12, 1931 (735), August 28, 1931 (735a) 

Lactarixjs suBDOLCis Fr — On humus in mixed forest, Upper Brook- 
side, August 18, 1931 (776) 

♦Lactariub BUBVELLEREtrs Pk — On humus under spruce and fir, 
Upper Brookside, September 3, 1931 (867) 

♦Lacterius thiogalub Fr — On humus m mixed woods of hemlock, 
beech, and maple, Upper Brookside, August 22, 1931 (815) 

Lactarius torminosub Ft — On humus under spruce. Upper 
Brookside, August 11, 1931 (777) 

*Lactariu8 trivialis Fr — On humus under hardwoods, Upper 
Brookside, July 7, 1931 (677) 

♦Lactariub triviaub Fr var vihidilaciis Kauff — Under hem- 
lock, Upper Brookside, July 13, 1931 (611), Salmon River, 
August 13, 1931 (611a) 

*Laotabius Txmpis Fr — Scattered, under hardwoods, Earltown 
Road, August 18, 1931 (784) 

Lactarius trviPUB Fr — Widely gregarious, under conifers, Sep- 
tember 4, 1931 (871) 

LACTARtUB VKLLFRE0S Fr — Scattered, under hardwoods, Killag 
Mines, Hahfax County, July 30, 1931 (718) 
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Lentinus cochleatus Ft — On beech, Eorltown Road, August 26, 
mi (822) 

♦Lepiota cLYpEotAHiA Ff — Under spruce, Salmon River, August 1, 
1931 (720), Victoria Park, Truro, August 17, 1931 (720a) 

Lepiota cuistata Ft — On humus, Earltown Hoad, August 21, 
1931 (803) 

♦Lepiota fusoosquamea Pk — Under spruce, Upper Brookstde, 
August 19, 1931 (792), Upper Brookside, September 4, 1931 
(792a) The small spores (6“8 X 3-4 the reddish brown 
scales on the pileus, and the stature distmguish this species 
When young and moist the pileus is a blackish brown, but the 
cuticle soon breaks, and the color fades somewhat 

Lepiota qIiIodekma Fr — On humus under hardwoods, Earltown 
Road, August 21, 1931 (802) 

♦Lepiota naucina Fr —Singly, in meadows, Upper Brookside, 
September 11, 1931 (899) 

Lepiota pboceha Fr — Singly, near stumps in an old pasture, 
Upper Brookside, August 8, 1931 (763) 

♦Leptonia abprella Fr — Under beech, Upper Brookside, July 17, 
1931 (648) 

♦Leptonia FORMOSA Fr — On humus m mixed woods, Upper Brook- 
side, July 17, 1931 (649) 

Leptonia lampropoda Fr — Gregarious, on humus under hard- 
woods, Earltown Road, August 22, 1931 (810) 

♦Marasmius androsacexts Ft — Scattered, on needles, Upper 
Brookside, June 27, 1931 (506) 

Marasmius cohaerans (Fr ) Brea — Among leaves of beech and 
maple, Upper Brookside, September 2, 1931 (866) 

•Marasmius foetidus Fr — On sticks of frondose wood, Upper 
Brookside, July 11, 1931 (606) 

Marasmius oreades Fr — On grassy ground, Truro, 1930 (260), 
ooU LEW, Upper Brookide, July 24, 1931 (697) 
♦Marasmius rotula Fr — In beech and maple woods, also under 
conifers, Upper Brookside, June 27, 1931 (507), Upper Brook- 
side, July 7, 1931 (66), coU L E W 
♦Marasmius scoRonomus Fr — On leaves and sticks, Upper Brook- 
side, July 22, 1931 (689) 

♦Marasmius siccus (Schw ) Pr — Among leaves, Upper Brookside, 
July 23, 1931 (692) 
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^Myckna ALCAtiKA Fr — Scattered, on d^bns m a frondose wood, 
Upper Brookside, July 18, 1931 (657) 

•Mycbna atroumbonata Pk — Subceflpitost to grcganous, on 
beech logs, Upper Brookside, September 3, 1931 (869) 

*Mycbna borealis a H Smith (PI XXVI, Ing 1) — This was the 
most abundant member of the genus during tht summer of 1931 
It varies greatly in stature, but the characUristic cystidia always 
enable one to identify it For a description of the sj)tcies see 
A H Smith, MycologtOy 1935 

*Mvcbna ci-avicularis Fr — On humus, under conifers, Upper 
Brookside, July 18, 1931 (666), Upper Brookside, August 19, 
1931 (656a) The spores of the collections cited above measure 

7- 8 X 4-5 Rud the clavate-echinulab cystulia w( re found scat- 
tered on the Hides and were numerous on the edges of the lamellae 
The colors varied from Quaker drab ” to “Chaetura black ” when 
young, fading to gray or **ouinamon-drab” in age The colors 
and the stature of this species vary a great deal, see Peck (14) 

*Mycena CYANEOBA8I8 Pk — Scattered, on hardwood d^bns, 
Follcigh Lake, August 29, 1931 (840) 

Mycena delgctabilxs Pk — On needles and humus under spruce, 
Upper Brookside, August 19, 1931 (793) The following de- 
scription IS taken from the specimens m the collection Pileus 

8- 20 mm broad, conic-eampaimlate when young, later expand- 
ing to oonio or plane, often papillate when quite expanded but 
usually obtuse, striate to disk, often with a faint yellowish tint 
in age, usually pure white, glabrous, lamellae arouate-decurrent 
from the first (like those of M tmmaculata)^ subdistant to dis- 
tant, narrow, white, edge even, stipe 4 cm X 1-2 mm , tubular, 
glabrous or lightly pnunose at apex, white, rather transparent, 
base rootmg among needles, cystidia present on sides and edges 
of lamellae, 25-40 X 6-12 fusoid-ventricose but becoming 
nearly cylindric at maturity, spores 5-6 X 3 //, narrowly ellip- 
soid or acuminate-pointed at the apex, odor strongly alkaline, 
taste disagreeable 

This is a fragile, white or pale yellowish fungus found in large 
numbers on needle beds under spruce and fir Its fa\orite lo- 
cation for fruiting seems to be m shallow depressions partly 
covered by fallen debris The strong odor, color, cystidia, and 
spores make this a well-marked species 
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♦Mycena KPiPTEEYaiA Fr — Scattered, on hemlock logs, Upper 
Brookside, July 13, 1931 (615), Mt Thom, August 15, 1931 
(757) This IS a characteristic plant of conifeious regions It 
has no pronounced odor, and the flesh dot's not stain reddish 
when bruised The basidia have been found to bear either two 
or four stengmata, although the two-spored condition seems to 
be more common m the form found on hemlock dt^bris 

*Mycena hafmatopoda Fr - Gregarious or cespitose, on wood of 
various deciduous trees, Mt Thom, August 10, 1931 (726), 
Upper Brookside, August 12, 1931 (726a), Larltown Road, 
August 26, 1931 (826), holleigh Lake, August 29, 1931 (726d), 
Upper Brookside, September 6, 1931 (726f), Salmon River, 
September 8, 1931 (726g) The color of tin edges of the lamellae 
varied considerably in different collections, being concolorous, 
brownish, or dark reddish brown The cystidia were found to 
be abundant on the sides and edges of the lamellae in some col- 
lections, rare in others, and apparently pre sent only on the edges 
m still others The coloring on the gill ( dge was caused by colored 
sap in the cystidia, the abundance of the cystidia thus determm- 
mg to some extent, at least, the colonng of the gill edge The 
spores of the collections were 7 5-10 X 6 10-11 X 6 5^7 

8-10 X 5 6 At, 7-7 5 (8) X 45-5 a*, 8-11 X 7-75 a*» r^^spec- 
tively Howe^ er, no correlation was found to exist between large 
or small spores, colored gill margin, size of fruit body, or dis- 
tribution of cystidia 

♦Mycena iodiolens Lundell — Scattered, on moss under fir and 
spruce, Upper Brookside, August 24, 1931 (810) 

Mycena latifolia Pk (PI XXVI, Fig 2) — Abundant, under 
spruce and fir after heavy rams, Upper Brookside, July 16, 1931 
(645), Upper Brookside, September 4, 1931 (643a), Upper 
Brookside, August 14, 1931 (756), Upper Brookside, August 17, 
1931 (756a) The followmg is a description of the collections 
Pileus 8-20 mm broad, obtusely umbonate or convex, becoming 
plane, “blackish mouse gray” when young or “olivaceous black 
3,“ fading to whitish near the margin in age, “olive-gray“ on 
the disk or pale cinereous over all, pellucid-striate before fading, 
at tunes somewhat sulcate after fading, lubricous or subviscid 
when moist, margm often wavy, flesh thin but tough, lamellae 
white or grayish, subdistant, quite broad, broadly adnate, edge 



185 


Fungous Fima of Nova Scotia 

concolorous, stipe 2-5 cm X 1-1 5 (2) mm (often 6 cm or 
more when growing m deep moss), glabrous, grayish, base white- 
strigose, lubricous when wet, spores 7 8 x 3 5-4 ju, narrowly 
ellipsoid, basidia four-spored, 18 22 X 5-6 /i, cystidia \ery 
abundant on the sides of the gills, 45-60 X 8-12 fusoid- 
ventricose, apex rather cylindnc and obtuse and smooth, ven- 
tritose portion smooth or roughened, sterile c« lls clavato to 
fusoid-ventncose, the enlarged portion roughened by the pri sence 
of short rodlike processes or tubercles The cla\ate sterile cells 
art roughened at the apex, but it seems that quite often the apex 
elongates, and the nt wly elongated portion remains smooth The 
presence of both types of stenk organs in this sptcu s presents an 
unusual situation but one which is constant for the species 
The rigid cartilaginous consistency of this species is very strik- 
ing It resembles M vulgaris and dark forms of M claviculans 
somewhat in color, but is easily distinguished by the dry-to- 
lubncous pileus and stipe It m no way reminds one of M 
galenculata 

Myckna leaiana Berk — Cespitose, on beech, Upper Brookside, 
July 4, 1931 (568), I olleigh Lake, August 29, 1931 (5o8) Rather 
common 

♦Mycena leptocephala Fr — Smgly, under conifers, Upper Brook- 
side, September 4, 1931 (876) 

*Mycena nigricans Bres — Gregarious, on bare soil under conifers, 
Upper Brookside, July 2, 1931 (551) Ihe fruit bodies of this 
collection were \ery distmct and clearly bedong here, however, 
m view of the fact that there are several very closely related 
species, and that this species has not been prev lously recognised 
with certainty in North America, a complete descnption is given 
Pileus 6-10 mm broad, convex or slightly umlionatt, and com- 
posed of two distinct layers, the first of enlarged vesicular cells 
filled with a dark brown substance, the second a pakr one com- 
posmg the fleshy part of the pileus and made up of filamentous 
cells (some colored matter could be found m these, but definite 
hght and dark layers can be made out under a hand lens), surface 
of pileus glabrous, *'Chaotura black*' on disk, margm **Chaetura 
drab/* often with a canesoent appearance but not pruinose, 
faintly gtnate, lamellae subdistant, very narrowly adnate, broad, 
ventricose, concolorous with cap or cinereous, margin usually 
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paler, stipe 2-4 cm X 1 mm , wiute-myoeloid at base, other- 
wise concolorous with pileus, apex becoming paler in age, base 
extendmg some distance mto the soil, spores 8-10 X 6-6 p, 
smooth, basidia four-apored, stcnie cells 30-40 X 10-12 
fusoid-ventncoso, scattered on the edge, odor none 
Mycxna ptLiANTHiNA FV — Singly, under maple and beech, Mt 
Thom, August 10, 1931 (730) Found frequently but never in 
great abundance 

Mycbna pxjra Fr — Under spruce, scattered, Upper Brookside, 
July 4, 1931 (561), coll LEW, Upper Brool^de, August 27, 
1931 (661a) Rather frequent but scattered 
♦Mtcena QUiNUULTENSis A H Smith — The collection from Nova 
Scotia (Upper Brookside, September 3, 1931 (864)) was found on 
needles under hr near a small stream It is interestmg to note 
that this species was discovered on the west coast, but that the 
first additional collection has been made from a similar habitat 
in this region 

♦Mtcena borioa Fr misu Ricken — Scattered over largo areas 
and very abundant after drenching rams, under spruce and fir, 
Upper Brookside, July 16, 1931 (642), Upper BrocJtside, August 
19, 1931 (516a) A striking little fungus of coniferous regions 
The ample gelatinous sheath on the stipe, pale color, spores, and 
stenle cells make it distinct Since it appears most commonly 
durmg periods of wet weather and quickly disappears, one is not 
apt to collect it 

Mycena aosEEEA Fr — On nee<lles under spruce and fir, often in 
large numbers, Upper Brookside, August 19, 1931 (694) 
•Mycena rttbromabginata Ft var laiucis A H Smith “ Scat- 
tered, one or two specimens together, on small sticks of fir, 
Salmon River, July 15, 1931 (635) , Salmon River, July 23 (690) , 
Upper Brookside, August 18, 1931 (690a) Both two- and four- 
spored forms were found 

•Mycena flANoniNOLENTA Fr —Scattered, on mossy hummocks 
and in sphagnum bogs, Upper Brookside, June 27, 1931 (505) 
•Mycena styxobates Ft mtm Ricken. — On fallen leaves of de- 
ciduous trees. Upper Brookside, July 23, 1931 (691) 

♦Mycena ijrania Fr — Qreganous, imder ^iruoe and fir, Upper 
Brookside, June 29, 1931 (518), Upper Brookside, July 16, 1931 
(518a), Upper Brookfflde, July 16, 1931 (518b} 
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♦Mycicna VUU3ARIS Fr — Among needles under spruce on a wet 
hillside, Karltown Road, August 18, 1931 (534) 

•NAtTCORiA FiRMA Pk (PI XXVII) — On buried sticks of birch, 
Earltown Road, August 18, 1931 (785) This species scorns to be 
rather frequent m the northeastern part of North America 
Pileus 1-5 (7) cm broad, convex or obtusely umbonate when 
young, expanding to plane or remaining slightly umbonate, 
glabrous, lubricous but not viscid, pellicle not separable, sur- 
face rugose-wrinkled when young, smooth or with oval to circu- 
lar depressions in age, depressions most numerous near the 
margin, colors fuscous to ** fuscous black when young, margin 
mourved and with a hoary sheen, m age the entire pileus becom- 
ing “hair brown or fadmg to “clay color, “ margin striatulate 
in age, lamellae “avellaneous,” close, thm-adnexcd or dccurrent 
by a tooth, narrow (6 mm ), tapenng evenly to the margin, edge 
even, stipe 4rS cm X 5-9 mm , compressed m largo plants, con- 
colorous with the lamellae, or paler below, with a grayish prui- 
nosity at apex, approaching a scaly condition near the base, 
flesh pale brown, base white-myceloid, rhizoids numerous, spores 
^^biflter" or “snuff-brown^^ in mass, 7-9(10) X 4-5 ellip- 
soid, cystidia scattered on the sides, numerous on the edges 
of the gills, 35-40 X 15-18 ju, ventneoso with a short obtuse 
neck 

•Nolanea COELK8TINA Fr — Scattered, on bare soil under beech, 
Upper Brookside, July 17, 1931 (647) Pileus 6-10 mm broad, 
convex when young, broadly comcal in ago, with a flaring mar- 
gin, not papillate, “Roslyn blue” to “Bradley's blue," fibrous, 
apex nearly sciuarrose-scaly, rimose in age, not hygrophanous, 
dehcately striate from the fibers, flesh white, lamellae broad, 
adnate, close to subdistant, white, edge concolorous, stipe “dark 
bhiiah violet,” finely fibrous with paler markings, not scurfy or 
pruinose, tubular, spores 9-10 (11-12 with apiculus) X 6 5- 
7 5 fi, angular, no sterile cells or cystidia 
The illustration m Fnes' leones, Plate 100, Figure 2, shows a 
plant shghtly larger than ours, but with the same stature The 
white flesh m in sinking contrast to the bnght surface colors 
Although found on soil instead of rotten wood, our collection 
resembles the Friesian conception too closely to allow a sepa- 
ration 
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♦Nolanka dysthales (Pk) Atk — Singly, on humus, Earltown 
Road, August 21, 1931 (806) 

*Nolanea mammosa Fr — On humus under hardwoods, Earltown 
Road, August 22, 1931 (811) 

*Nyctaus ABTEnorHOHA Fr — On an old fruit body of a species of 
Russula, probably R nigncanSf Upper Brookside, July 24, 1931 
(700) 

♦NyctaI/IS pabasitica Fr — On the decaying remains of a species of 
Russula, Mt Thom, August 10, 1931 (727), coll LEW, Mt 
Thom, August 30, 1931 (727a) 0\erhoJta (13) has found this 
species m Pennsylvania, groining on the remauis of a species of 
Russula which blackens as it decays It has also been reported 
from New York The host fruit bodies in both of our collections 
from Mt Thom were so badly decayed that only a blackened 
mass was left 

Omphalia campanella Fr — On conifer stumps, Salmon River, 
July 3, 1931 (665) 

*Omphawa chbybophylla Br -—On coniferous logs, Folleigh Lake, 
July 20, 1931 (677) The pilei measured 3 3 5 cm broad, were 
‘‘ochraceous tawny’* with a pellucid striate margm, and were 
slightly fibnllose toward the center Tlie lamellae were *‘buff 
yellow” and subdlstant The spores measure 9^10 6 X 5-^ M 

"•Omphalia EPicHYsrcrM B r — On beech logs, Mt Thom, August 10, 
1931 (729), Upper Brookside, August 18, 1931 (729a), Prince- 
port, July 9, 1931 (600) Usually sohtary or only a few fruit 
bodies on a log 

Omphalia fibula Fr — On moss, Upper Brookside, July 4, 1931 
(567) 

Omphalu Gbbardiana Pk — On sphagnum, New Glasgow Road, 
June 30, 1931 (633) Murnll (11) lists this species as a synonym 
for Omphahna eptchpsiumt but both arc kept separate here 
Both were collected and, though there is a slight resemblance, 
the differences which Kauffman (5) has pointed out were found 
to be constant 

"Omphalu onibca BV On a sandy bank wnong mosses, Salmon 
River, July 3, 1931 This collection agreed well with the de- 
scription by ICauffman (6) except that the spores measure 7-8 
X 4 ft and that the basidia are two-spored Ricken (17) de- 
scribe the spores as pear-shaped and 7-8 X 4 m 
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•Omphalia RU0080DI8CA Pk — On fir stunij)8 and logs, Folleigh 
Lake, July 20, 1031 (686) Very common and usually found in 
considerable abundance 

*Omphalxa Schwartzii Fr — Singly, on moss. Upper Brookside, 
July 4, 1931 (666) 

Panakolus campanulatus Fr — On cow dung, Upper Brookside, 
June 27, 1931 (509), Upper Brookside, July 1, 1931 (509a) 

Panus stiptictts Ft — On birch, Upper Brookside, July 1, 1931 
(539) 

Paxillub involutus Fr — On mossy hummocks, on humus in fir 
woods, and on deca 5 nng beech logs, Salmon River, July 15, 1931 
(629), Upper Brookside, August 17, 1931 (629a), July 28, 1931 
(711) 

♦Pholiota ackricola Pk — On decaying beech trunks, Upper 
Brookside, July 10, 1931 (602), Upper Brookside, July 18, 1931 
(602a) 

♦Pholiota albockenuI/ATA Pk — On a fallen birch trunk, Mt 
Thom, August 15, 1931 (726) 

Pholiota capbrata Fr — On humus, Upper Brookside, July 13, 
1931 (665) , Upper Brookside, July 18, 1^1 (655a) This species 
was found on comparatively dry slopes under maple and also in 
swampy areas or bogs 

♦Pholiota confraqosa Ft — On an old log, probably maple or 
beech, Upper Brookside, August 20, 1931 (799) 

♦Pholiota erebia Ft — On old logs and debris, sometimes appear- 
ing to be terrestrial, Earltown Road, August 21, 1931 (805) 

•Pholiota flammans Fr — On very decayed wood in a mixed forest 
of beech, hemlock, and spruce, Upper Brookside, September 2, 
1931 (857) 

♦Pholiota mtttabilis Fr — On a birch log, Earltown Road, August 
18, 1931 (783) 

♦Pholiota spectabilib Ft — On frondose wood. Upper Brookside, 
August 12, 1931 (738), coll L E W 

Phouota squarrosoides Pk — On beech, Upper Brookside, 
September 3, 1931 (862) 

♦PlKOUOTA TRACHTSPOKA Cl & Cl — On mossy soil under fir and 
hemlock, Salmon River, July 3, 1931 Pileus 4-7 cm broad, 
broadly oampanulate with a sharp and pronounced umbo, 
” auburn*' to “Brussels brown,” covered by matted fibrils or 



190 Smith and Wehmeyer 

scaly, scales more pronounced near the apex, appressed-fibnllose 
at the margin, lamellae adnatc, bccommg adnexed, “Mars 
brown when old, 4 8 mm broad, not \entncose, broadest at 
the base and tapering t\tnly, stipe concolorous, 8 12 cm X fr- 
10 mm , covered by loose fibrils, not truly hollow, annulus 
superior and very persistent , spores 7 8 X 5 /u, very dark brown 
and rough-walled, no stenk ceils or cystidia sedi, odor none, 
taste resembling that of a radish 
Overholts (12) reports this epecus as known only from the 
type locality in Colorado, and describes the pilous as convex 
The specimens collected differed strikingly in this one respect, 
having decidedly conical pile! Prohssor Overholts, to whom a 
portion of the collection was submitted, agrees that until more 
m known of the variations of the species, it would seem best not 
to ngard the conical form as distinct The terrestrial habitat, 
colors, and rough-walled spores clearly indicate its n lationship 

*Pholiota VEBMiFLXJA Pk — Tu an oi>en field, Upper Brookside, 
August 18, 1931 (772) 

Phix^opokus RHODoxANTnus (Schw ) Bres — Singly, m mixed 
deciduous and coniferous woods, Cpper Brookside, July 14, 1931 
(626), coll LEW 

♦Plkurotus ATROCAEB1TLEU8 Fr var GBiSEUs Pk — On hardwoo<l 
d^bns and rotting logs, Upper Brookside, June 29, 1931 (621), 
on fir, Victoria Park, Iruro, August 30, 1933 (1646), coll 
LEW The spores measure 7-9 X 4 /u, but otherwise the fruit 
bodies were typical The gelatuious layer was very striking 

♦Pleurotus CANDIDI 881 MUB B & C — On wood of a deciduous tree, 
Upper Brookside, July 11, 1931 (606) 

Plbubotus 08TBE atus J r — On an aspen stub, Upper Brookside, 
July 12, 1931 (609), coll L E W 

•Pletjbotus sahpus Kalch — On birch, Upper Brookside, July 1, 
1933, coll LEW 

*pLEirROTtrs TBEMiTLUS Fr — On Dicranum, New Glasgow Road, 
June 30, 1931 (636) A brownish gray species of rather watery 
consistency The lamellae are subdistant and often forked 
Hesler (4) has reported this species from Tennessee and gives a 
good description 

♦Plcteus ADMiKABiLie Pk — On a decaying log, Folleigh Lake, 
July 20, 1931 (679) 
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Plutfus orvinus Fr On hardwood d^bnn, Uppei Brookside, 
July 24, 1929 (88), coll L F W , Upper Brookside, June 29, 
1911 (525), eoll L K W (’ommon throughout the summer, 
but never m larg* numbfrs 

*PLUiETTh LONGiSTRiATUS Pk “On a lottcii stunip, Upper Brook- 
sidt, July 8, 1931 (590) 

*Pl.UTEXis TOMENTOSITLU8 Pk Singly, ou humus m a spruce 
swamp, Upper Brooksido, August 14, 1931 (750) 

*Pi I7TF0S ITMBR 08 IT 8 Fr “ Singly, on decaying coniferous wood, 
Upper Brookside, August 26, 1931 (833) 

•PsALLiOTA ABRUPTiBULBA Pk — Uudtr maplc and beech, Upptr 
Brooksuie, July 16, 1931 (638), Mt Ihom, August 15, 1931 (638a) 
PsALLioTA CAMPL8THIS Fr III pastures, Upper Brookside, Au- 
gust 14, 1931 (749), Onslow, August 28, 1933, coll LEW 
A pure white form, as wd! as a form with a grayish to brownish 
pileuM, was collected In the latter the fibnllose scales were 
(iinkish to violet -brown 

♦PsALLiOTA DiMiNUTivA Pk — Scattered, on humus in mixed woods, 
Upper Brookside, July 21, 1931 (648), Mt Thom, August 10, 
1931 (725) 

*P 8 ALLI 0 TA SOBRTJFESCENS Pk — Under beech and maple, Upper 
Brookside, August 12, 1931 (731) 

’"Russula abiktina Pk — Under fir and spruce, Upper Brookside, 
July 4, 1931 (572) 

’"Russula aeruoinla Lindbl — On bare soil, Upper Brookside, 

1930 (113), coll LEW, Upper Brookside, 1931 (741), coll 

LEW 

■"Russula albida Pk — In mixed woods, Upper Brookside, July 22, 
1929 (118), t*oll LEW, Victoria Park, Truro, 1930 (232), 
coll LEW, Victoria Park, Truro, July 8, 1931 (587) 
Russula alutacea Fr — Scattered, under larch m a *)wa!npy 
flat. Upper Brookside, July 8, 1931 (586), Victoria Park, Truro, 
July 22, 1931 (586a) 

♦Russula babifurcata Pk — Singly, on humus in a mixed forest, 
Upper Brookside, July 10, 1931 (601) 

♦Russula borealis Kauflf -“On humus under conifers, Upper 
Brookside, August 12, 1931 (740) 

♦Russula brunneola Burl — Under spruce, Salmon River, July 14, 

1931 (624) 
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♦Russuia chamakleontina Fr — Under fir, Upper Brookside, July 
8, 1931 (585) 

♦RuasuLA ctanoxantha Fr — On humus in mixed woods, Upper 
Brookside, July 18, 1931 (658) These plants did not have 
scattered short gills, but were typical otherwise 

♦Russula decoloraks Fr — Singly, m mixed woods, Upper Brook- 
side, August 19, 1931 (796) 

♦Russula delica Fr — On humus, Upper Brookslde, July 6, 1931 
(576) 

♦Russula densi folia Seer On humus in mixed woods, Salmon 
River, July 14, 1931 (622), Upi>er Brookslde, July 28, 1931 
(622a) Tins species is one of the most common found during 
the summer It occurs m troops under spruce The change 
to red and finally black which the flesh undergoes when bruised 
was conspicuous The close gills separate it from U mgneans 
Russula fmetica Ft — Gregarious, on sphagnum in bogs, Upper 
Brookslde, June 30, 1931 (535) A common species throughout 
the summer and fall 

♦Russula fallax Cke — On humus under hemlock, Upi>er Brook- 
side, July 18, 1931 (654) 

♦Russula flava RomoU In mixed woods, Upper Brookslde, 
July 11, 1931 (608), Salmon River, August 13, 1931 (608a) 
Russula fobtens Fr — Gregarious, under conifers, Victona Park, 
Truro, August 8, 1929 (230), coll I E W , Upper Brookslde, 
July 14, 1931 (620) The most common Russula during the 
summer 

♦RussxmA FRAQiLis Fr — On conifer duff, Upper Brooksido, 1930 
(123), coll LEW, Upper Brookslde, June 30, 1931 (526), 
Upper Brookslde, fuly 14, 1931 (526a) 

Russula Integra Fr — On the ground m fir woods, Upper Brook- 
side, July 1, 1931 (546), Upper Brookside, July, 1931 (626a) 

♦Russula Mariae Pk —On humus, July 21, 1929 (162), coll LEW 

♦Russula nigricans Ft — Smgly, m mixed woods, Cape Breton 
Island, August 4, 1931 (722), Mt Thom, August 16, 1931 (722 r) 
These two collections differed from R denst/oka in having truly 
distant gills and a slightly different stature 

♦Russula ochraleuooidbb Kauff — On humus under hardwoods, 
Upper Brookslde, September 9, 1931 (860) Pilaus 6-9 6 cm 
broad, broadly convex or with a shallow depression, very firm, 



193 


Fungous Flora of Nova Scotia 

fleshy, margin decurved, obtuse, and faintly striate, pellicle not 
or scarcely separable, surface velvety from rnort or less upright 
hyphae which are filled with a yellowish content, colors ** yellow- 
ocher” near the margin, disk “ochraceous tawny” to ”ochraceous 
orange,” flesh yellow-ocher beneath the surf act layer, then white, 
not becoming ashy where bruised, gills close, usually forked 
at the base, narrowly adnate to nearly free, broader anteriorly, 
about 1 cm broad in widest part, white with a yellow-ocher 
edge, stipe 4“6 X 1 2 cm with yellow or ochraccous patches 
giving it an appearance in places much like that of th( pileus 
but paler, whitc-pulverulcnt otherwise, sohd, stuffed, spores 
white m mass, globose, 7-8 5 echmulate, cystidia present on 
sides and edge of gills, filled with a granular content Tht fniit 
bodies in this collection seem to bo too closely rdated to R 
ochroleucoides to justify being separated from it In the latUr, 
however, the gills are not bordered, and the stipe is whit^ 

*Russula RUGT7L08A Pk — Under hemlocks, Upper Brookside, 
July 8, 1931 (588) 

*Rubsi7La SBRICIONITEN8 Kauff — Under hardwoods, UpjHr Brook- 
side, July 9, 1931 (594) 

‘Russula sordida Pk — Under hemlock. Upper Brooksidt, July 18, 
1931 (6fi3) 

‘Russula sphaqnophila Kauff — On moist hillside under spruce, 
Upper Brookside, July 4, 1931 (571) 

‘Russula squalida Pk — In mixed woods, Upper Brookside, 1930 
(86), coll LEW, Upper Brookside, July 4, 1931 (537) 

‘Russula bubdepallens Pk — Singly, in hardwoods, Killag Mines, 
Halifax County, July 30, 1931 (717) 

‘Russula subsokdida Pk — Under fir and spruce, Upper Brook- 
side, July 1, 1931 (641) 

‘Russula tbnuicepb Kauff — Under hardwoods, Upper Brookside, 
July 27, 1931 (707) 

Russula vahiata Bann — Smgly, m mixed woods, Upper Brook- 
side, July 28, 1931 (710), Upper Brookside, August 12, 1931 
(710a) 

‘Russula vibescens Fr — Under spruce and beech, Upper Brook- 
side, July 28, 1931 (709) 

‘Russula xkrampelina Fr — Mixed woods, Salmon River, July 
14, 1931 (623) 
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ScHizopHTLLUM COMMUXE Ff — Common on old wood, Wcstcooke 
Cove, Guysboro County, 1933 (1121), coll LEW 

Stropharia skmiolobata Fr - " On cow dung, Upper Brookside, 
June 29, 1931 (523) 

*Thicholoma iMiOLiTtJM Lasch — In mixed forests of spruce and 
beech, Salmon River, September 7, 1931 (894) This species is 
characterized by the pale creamy colors, the flesh, which changes 
to a bright sulphur-yollow when cut or bruised, and by the aend- 
bitter taste 

^Tricholoma naucoria Murr — Under fir and spruce, Upper Brook- 
side, July 14, 1931 (627) 

*Tricholoma RESPLFXDEXd Fr - In mixed deciduous and conifer 
woods, Upper Brookside, September 2, 1931 (858) 

♦Tricholoma RUTiLANs Fr — On hr wood, Uppt r Brookside, July 4, 
1931 (564) 

*Trichow)ma saponacfum Fr — Scattered, under spruce, Upper 
Brookside, July 11, 1931 (607) This was a \ery common species 
throughout the summer, appearing after periods of rainy weathfr 
from July 8 to September The pihus is 'Might yellowish olive" 
to "yellowish ohve," subhygrophanous in wet weather, and 
rather firm and fleshy 

♦Tricholoma tfrreum It — Under spruce and fir, Upper Brook- 
side, September 4, 1931 (880) 

♦Tuicholoma vaccinum hr — Under conifers, Upper Brookside, 
September 4, 1931 (878) 

♦Tricholoma virgatum hr — Under conifers, Upper Brookside, 
September 4, 1931 (879) 

Trooia crispa Fr — On beech, Killag Mines, Halifax County, 
July 30, 1931, coll L E W 

BOLETACEAE 

BotETiNUs PALUSTER Pk — Under fir, Upper Brookside, July 28, 
1931 (712) 

Boletinus pictus Pk — Under fir, Upper Brookside, July 28, 1931 
(694) 

Boletus americanus Pk — On the ground under Alnus and other 
shrubs, Victoria Park, Truro, July 22, 1931 (687) 

Boletus bauius Fr — Gregarious, on humus In beech woods, 
FoUeigh Lake, July 20, 1931 (672), Upper Brookside, July 22, 



Fungous Flora of Nova Scotia 195 

1931 (672a) The flesh is blue next to the tubes, the pileus 
viscid, and the stipe covered by a brown prumosity 
Boletus castaneus Ft — Gregarious, on humus m a mixed forest, 
Folleigh Lake, July 29, 1931 (671) 

Boleius chuomapfs Frost “—Scattered, on grassy soil under 
spruce, Upper Brooksido, July 1, 1931 (538) Never abundant, 
but found occasionally throughout the summer 
Boletus cyanescjns Fr — Gregarious, on a bare hillside, under 
maple, Upper Brookside, August 11, 1931 (734), coll LEW, 
Upper Brookside, August 12, 1931 (734a) 

Boletus r dulis Fr — Under conifers on needle beds and in grassy 
places, Upper Brookside, June 29, 1931 (519) This was the 
most common species of the genus throughout the summer, 
reappearing after periods of ramy weather It is usually found 
growmg singly, or 8C\ oral in a small area 
Boletus elegans Fr — Gregarious, under spruce at the base of a 
steep slope, Uppei Brookside, August 31, 1931 (847) 

Boletus jximius Pk — Closely gregarious, under spruce and fir 
in grassy places, Upper Brookside, July 6, 1931 (574) 

Boletus felleus Jr - On very rotten wood, two or three speci- 
mens m a single locality, Salmon River, July 14, 1931 (626), 
Upi)er Brookside, July 24, 1931 (626a), Mt Thom, August 10, 
1931 (626b), coll LEW 

♦Boletus firmus Frost “ Gregarious, on bare soil under beech, 
Upper Brookside, July 13, 1931 (610), coll LEW, Upper 
Brookside, July 17, 1931 (610a) 

Boietus granulatus Fr — Gregarious, under conifers, Salmon 
River, July 14, 1931 (622) 

Boletus hkmichrysub B <fe C — On an old stump, Jolleigh Lake, 
August 29, 1931 (870), coll LEW 
Boletus luridus Fr — Singly under conifers. Upper Brookside, 
July 1, 1931 (544), coll LEW Never found In large numbers, 
but seen frequently throughout the summer 
Boletus pachtpus Fr — Growing m a wide arc in a hayfield 
bordered by spruce, Upper Brookside, July 20, 1931 (670) Pileus 
12-26 cm broad, stipe 8-10 X 3 5 cm The pileus was aluta- 
oeous on the disk and reddish toward the margin, the stipo 
was yellow at the apex when young but reddish over all at 
maturity 
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Boletub Pecku Frost — On the ground m an open wood, Upper 
Brookside, July 24, 1931 (696) 

BoZiETUB pipkbatus Fr — Scattered, on soil under conifers, Upper 
Brookside, July S, 1931 (584) 

Boletus rubinellus Pk — Scattcre<l in mixed woods, Salmon 
River, August 4, 1931 (621) 

Boletus scaber I r var mutabius Pk — Under spruce on a dry 
hillside, Upper Brookside, Jum 28, 1931 (513) The flesh turned 
brownish where bruised 

Boletus scaber Fr var niveus Pk — On humus in mixed woods, 
Upper Brookside, July 24, 1931 (695) 

Boletus subaureub Pk — Scattered, m open woods under hem- 
lock and beech, Victoria Park, Truro, July 6, 1931 (678) , Upper 
Brookside, July 27, 1931 (573a), August 31, 1931 (673b) 

Boletus subtomentobub Fr - Bmgly, on bare soil, Upper Brook- 
side, July 2, 1931 (650), coll LEW 

Boletus versipellis Fr — In clusters or arcs under spruce, 
Upper Brookside, July 3, 1931 (552) A very large species, 
common during the last of June and early July, but observed 
throughout the summer and early fall 

Boletus vibcidus Fr — Smgly, under spruce and fir, Upper Brook- 
side, July 8, 1931 (691) 

Strobilomyces sTROBiLACEUB Berk — Singly, under hardwoods, 
Mt Thom, August 10, 1931 (724) 

UNivBBsmr OF Miohiqak 
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NOTES ON ALGAE FROM THE TROPICAL 
ATLANTIC OCEAN III ♦ 

WM RANDOLPH TAYLOR 

O N TWO previous occasions tho writer (1929, 1933) presented 
lists of algae from various sources in the tropical Americas, 
representing small collections which had come to his hands for 
study In \ lew 6f tho need of a comprehensive catalog of the marme 
flora of the whole area, the ad\antageg of periodic publication of 
accumulated records are obvious The present paper is largely 
based on material acquired by the University of Michigan, with a 
few Items from the writer’s own herbarium 

The collections from Colombia are rather small to give a clear 
idea of the local flora, but it seems to be in accord with the general 
character of the coast There is required only a word of explanation 
but no apology for the introduction under this general title of 
records from the Gulf Coast of the United States We know al- 
most nothing of the flora of the northern nm of the Gulf of Mexico 
What we find published earlier and the new records here mcorpo- 
rated of the northwestern and the northeastern Gulf shores of 
Texas and Florida show that there the vegetation is still predomi- 
nantly tropical, as it IS on the Florida east coast (1928, 1929) Though 
it is probable that the northern nm will prove to have a fiora re- 
duced m tho conspicuous tropical elements, it is likely that it will 
have more tropical than cold-temperate affinities 

To the collectors of these groups of specunens tho writer is 
indebted for data on the environments in whi<Ji they occurred, 
as well as for the specimens themselves Acknowledgment is ac- 
corded in the sections of the paper 

Mabine Algae from Colombia 

Exceedingly few records of algae from Colombia exist During 
a visit paid to the vicimty of Santa Marta in early July, 1932, 

* Papers from the Department of Botany and the Herbarium of the Uni- 
versity of Michigan, No 524 
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Dr Thomas Kerr incidentally secured for the writer several marine 
algae and some vials of alpine fresh-water algae from the inland 
mountains The latter group of 8p« cimens proved most interesting, 
particularly the desmids, and publication of a report on them else- 
where 18 pending The collections of marine algae were made from 
two to five miles south of the town of Santa Marta, which lies at 
approximately 10® 15' N L Hen there is a beach broken by rocky 
spurs which extend down from the hills behind the shore On 
one of them remain the rums of the sixteenth-century Castillo de 
San Fernando The land \ egetation behind the beach is xerophytic, 
cliaractenzed by cacti and low-lying logummous shrubs The tidal 
range on this coast is reported to have the slight amplitude of 
18 inches The algae collected were all obtained from the littoral 
rocks, and the collector n ports an apparently scanty flora at the 
time of his visit 


OHLOROPH\CEAK 

Ul,va fasciata Dellle 
Ulva Lactuca L 

Chaktomorpha media (C Ag ) KUta 
CnADOpHORA FAsricunAHis (Mert ) Kutz 
CAUiiERPA SBRTULARioiDES (Gmel ) Howe 

PHABOPHYCEAE 

DxCTYOTA CERVICOBNlS Kutz 
PADINA ViCKERSIAE Hoyt 


RHODOPHYCEAB 

Hypnea MtTsciPORMXB (Wulf ) Lamx 
Acanthophora sPiciFERA (Vahl) B0rg 
LAtTREMTCiA OBTUB^ (Huds ) Lamx 
Spyridu filamentosa (Wulf ) Harv 
Wrangeua Arqus Mont 
Grateloupia riuciNA (Wulf ) J Ag 

While studying certain collections of West Indian marine algae 
at the British Museum of Natural History through the kindneae 
of the keeper of botany, Mr J E Eamsbottom, and the assistant 
keeper in charge of the algae, Mr Geofifrey Tandy, the writer noticed 
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two specimens from New Grenada, now Colombia, collected in 
1842-43 by I Linden They were, respectively, number 1523, 
Caulerpa cupressoides (West) C Ag , near var Turnen Weber-van 
Bosse, and number 1622, Caulerpa sertulanoidee (Gmcl ) Howe The 
first IS an addition to the list as given above 

Marine Algae from Tfxas 

Except for perhaps four or five scattered records of marine algae, 
we have until recently known nothing of the seaweeds of the Texan 
shores In 1931 there appeared in a house organ issued by a bio- 
logical supply company a list of marine algae, the identification of 
which was attributed to Dr M A Howe S 1931) Since 
this publication is not widely available among botanists outside the 
United States, it seems worth while to summanw the information 
contained From the jetties of Mustang Island near Port Aransas, 
Nueces County (approximately 27® 30' N L ), there were collected 
m April, 1930 Enteromorpha hngulata J Ag , Viva Lactuca L , 
Cladophora fascirulane (Mcrt ) Kutz , C vanegata (C Ag ) Zanard , 
Ectocarpua Mitchellae Harv , E Hallatae Vickers, Bangia fuaco- 
purpurea (Dillw ) Lyngb , Qehdium corneum (Huds ) Lamx , Hypnea 
muHCiformia (Wulf ) Lamx , and Gracdarta lactnulata (Vahl ) Howe 
From the south jetties of Galveston Island in Galveston County 
(approximately 29® 20' N L ) during 1929-30 thi re were secured 
Lyngbya aeatuani (Mert ) Licbra , Mtcrocoleus chthonoplastee (FI 
Dan ) Thuret, Enteromorpha hngulata J Ag , Ulva Lactuca L , 
EctocarpuB Bthculosua (Dillw ) C Ag , Sargassum fluitans B0rg , 
Bangta fuscopurpurea (Dillw ) Lyngb , Geltdium pusiUum (Stackh ) 
Le Jobs, and Gracilarta BlodgeUix Harv The writer has been en- 
abled to examine duplicates of a part of this material through the 
kindness of Mr Ottys Sanders 

Two small collections of marine algae from the Texas area have 
come directly to the writer's hands for study The first of these 
was made by E L Cheatum late m April, 1930, at Galveston, 
and was plao^ at the writer's disposal by C L Lundeil It appears 
to have l^en collected from jettua 

The second of these collections was obtained by Miss Elsada 
Clover in early August, 1932, from Boca Chica, Cameron County 
(approximately 2fi® N L ) Boca Chica, which is the first channel 
that outs across the south end of Padre Island, separates it from 
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the small island Brazos Santiago, on which is located a settlement 
that takes its name from the channel The island is, therefore, 
just north of the estuary of the Rio Grande, and hence very close to 
the southernmost lumt of the state It is low and of alluvial materials, 
but pilings and the rocks placed for jetties give good stations for 
the growth of aigae The following have been obtained 

CHLOROPHYCKAE 

Entebomorpha LiNQunATA J Ag — Boca Chica, August, Clover 
Galveston, April, Cheatum On boulders of jetties and on logs 
floating near shore 

Cladophoba fascicularis (Mert) Kiitz — Boca Chica, August, 
Clover Galveston, April, Ckeatum On boulders, pilings, and 
logs near shore 

Ulva fasciata Dehle — Boca Chica, August, Clover On bouldcre, 
pilings, and logs exposed to wave action 

PHAEOPHYCEAB 

Ectocarpus confervoides (Roth) Le Jobs — Galveston, April, 
Cheatum On jetties 

Ectocarpus Duchassaignianus Grun — Boca Chica, August, 
Clover On a huge log near shore 

Sargassum NATANS (L ) J Mcycn — Galveston, April, Cheatum 
Floating 

rhodophyceae 

Gelzdium crinale (Turn ) J Ag — Boca Chica, August, Clover 
Galveston, April, Cheatum On boulders exposed to sun and 
waves, and on jetties 

Agabdhiella tenera (J Ag) Schmitz — Boca Chica, August, 
Clover Near shore 

Htpnea cervicornib j Ag — Boca Chica, August, Clover On a 
huge log near shore 

Htpnea mxjbciformis (Wulf ) Lamx — Boca Chica, August, Clover 
On a log near shore 

Gracilahia LACiNuiATA (Vabl) Howe — Boca Chica, August, Clover 
Growing near boulders and pdings exposed to the action of waves 
Amphibia Moritziana Mont — Galveston, Apnl, Checdum On 
jetties 
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Brtocladia cxjspidata (J Ag ) De Toni — Boca Chica, August, 
Clover On a log near shore 

Wrightiella Tumanowiczii (Gatty) Schmitz — Boca Chira, Au- 
gust, Clover Badly worn, but apparently surely this species 
Centroceras ceavulatum (C Ag ) Mont — Boca Chica, August, 
Clover 


Marine Algae of West Florida 

In discussing a few algae from the Texas coast the writer has 
mentioned the scarcity of records from the western part of the 
Gulf Coast The same situation exists respecting the eastern portion 
It IS rather cunous that the early phycologists should have collected 
so exclusively on the eastern coast line of Florida It is probably 
true that a greater part of the western shore line is unsuitable for a 
luxuriant algal flora So far as the writer is aware, the only records 
of marine algae along the northern portion of the Gulf Coast east 
of Texas are contamed in Mohr’s flora of Alabama (Mohr, 1901) 
They are there recorded as UU>a Lactuca (L ) Le Jobs, Viva entero* 
morpha Le Jolis, Sargaemnn bacciferum Turn , S vulgare C Ag , 
Gractlarta armtgera Harv , and Calogloasa Lepneum J Ag ' We 
may assume that these probably represent Ulva Lactuca L , Sargae^ 
8um nalans (L ) J Meyen, and Caloglosea Lepneum (Mont ) J Ag , 
with the second, fourth, and fifth items uncertain Through the 
kindness of Mrs John Chipman (Dr Ruth Hayes) there have come 
to the writer four specimens from Ocean Springs, Jackson County, 
Mississippi Two of these were very distinctive species of Polysi- 
phonia, which have so far not betn successfully identified The 
other two were 

‘ Through tho kindnew of Mr W R Maxon the writer heus had the op- 
portunity to examine four sheets from the ooUootions of Charles Mohr in the 
National Herbarium One of these was of Caloglosaa Lepneum, from tho mouth 
of the Mobile River, the determmation by the Reverend A B Hervey is quite 
correct The three other sheets were of Sargossa Only one was annotated as 
from Alabama, the legend, though abbreviated, is understood to indicate that 
the material was wash^ ashore m Mississippi Bound It has very broad leaves 
for that species, but is probably S naUme (L ) J Meyen The other two speei- 
mena ol Bargasaum bear old herbarium labels of Hervey 's, without any data, one, 
determined as 8 hacetfentmi is the ordinary form of 3 nafans, the other, de- 
termined as 8 vulgartf is m rather poor condition for a determinatiou The 
leaves seem to lack oryptostomata, or have very few, possibly It is a form of 
$ JUnkm* B0rg , vrith spiny stems 
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Ulva Lactuca L 

EcrrocARPUs siliculostts (DiJlw ) Lyngb 

Florida material has come to the Herbarium of the Umverslty 
of Michigan from throe sources A few specimens were collected 
by Mrs Chipman at Carrabelle, Frankhn County (approximately 
29® 60' N L ) m the western extension of the state A few more 
were contributed by Professor B M Davis at Naples, Collier 
County (approximately 26® 10' N L ), they were collected in March, 
1933 The largest group was assembled by James McFarlin while 
engaged as collector for the University These came from several 
stations Tarpon Sprmgs and off the Anclote River, m Pmellas 
County (approximately 28® 16' N L ), Clearwater in the same county 
(approximately 27® 66' N L ), Tampa a httle to the east m HUl^ 
borough County, and Hillsborough Bay, the eastern lobe of Tampa 
Bay (approximately 27® 66' N L ), and Cortez Beach In Manatee 
County (approximately 27® 30' N L ) The vigor of the specimens 
shows that favorable conditions for growth, though in area some- 
what restneted, are such that manne algae of a tropical type de- 
velop well on the west coast of Florida at least as far north as the 
Tampa neighborhood Though the collections aggregate but a few 
species, mostly conspicuous ones, the characteristically tropical gen- 
era dommate the list 


CHliOROPBTCSlAB 

Entjbromorpha LiNotTLATA J Ag — Naples, March, Dawn Tarpon 
Sprmgs, June, McFarlxn Adnft and on pilings in shallow water 
Monosteoma latissimum (Ktttz) Wittr (?) — Naples, March, 
Daws On piles of a wharf, in shallow water llie cells are 
rather small, the walls are thick, and the color is dark for this 
i^cies 

Ulva pabciata Delile — Hillsborough Bay, Tampa, May, Afc- 
Farhn On oyster beds, exposed at low tide 
Ulva Lactoca L — Hillsborough Bay, Tampa, May, McFarUn 
On oyster beds, exposed at low tide 
Ulva Laotuca var latissiica (L) DC — HlUsbcrough Bay, 
Tampa, May, McFarhn Floatmg over oyster beds 
Chabtomokpha brachyqoka Harv — Cortes Beach, July, M> 
Farhn Adrift 
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Chaetomorpha qbacius Ktitz — Cortez Beach, July, McFarlin 
Adrift 

Acetabulum crenulatum (Lamx ) Kuntzc — Tarpon Springs, 
June, McFarltn 

Batophora Obrstedi J Ag — larpon Springs, June, McFarlxn 
In eight feet of water, on sohd objects scattered over a muddy 
bottom 

Batophora Obrstedi var occidentalis (Harv) Howe — Clear- 
water, August, McFarltn On shells scattered over a sandy mud 
Hat 

Caulerfa Ashmladii Harv — Clearwater, August, Tarpon Springs, 
June, McFarltn Adrift and rooted in the muddy bottom This 
IS typical material, the ramuli have their tips unarmed and 
their bases are uncon traoted With this occurred the animal 
Zo6botry8, which at one time appeared m algal lists under the 
name Ascothamnion 

Caulerpa CRAsaiFOLiA (C Ag ) J Ag — Clearwater Beach, August, 
McFarltn Drifting inshore 

Caulerpa cupressoides (West) C Ag var flabbllata B0rg — 
Clearwater Beach, August, McFarltn Dnftihg inshore 

Caulerpa prolifbba (Forsk ) Lamx — Hilbborough Bay, Tampa, 
May, McFarltn Rooting in the mud m four feet of water 

Halimeda TRiDEXB (Ell 6c Sol ) Lamx f tripartita (Bart ) 
Collins — Tarpon Spnngs, June, McFarltn Rooting in the 
mud in from six to eight feet of water 

Pekicillus capitatus Lamk — Tarpon Spnngs, June, McFarlxn 
Rooting m the mud in from six to eight feet of water 

Udotea coNGLUTiNATA (Sol ) Lamx — Madeira Beach, August, 
McFarltn Drifted ashore 

Udotea Flabellum (Ell & Sol ) Howe Madeira Beach, August, 
McFarltn Drifted ashore 

PHABOPHTCEAE 

Ectocarpus OONFERVOIDE8 (Eoth) Lc JoHs — Naples, March, 
DavtB On piles of wharf 

CABTAaNBA ZosTBRAE (Mohr) Thurct — Carrabelle, summer, Chtjh 
man 

Dictyota CBBYicoRNia Kttt* — Tarpon Spnn®B, June, McFarltn 
Floating inshore 
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Sargabbum pteroplbxjron Grun — Madeira Beach, July, Tarpon 
Springs, June, McFarhn Growing m eight feet of water 

UaODOPHYCFAK 

Geudium crikale (Turn ) Lamx — Hilbsborough, May, AfcFarltn 
Forming dense tufts on oyster shells, m shallow water, exposed 
at low tide 

Euchbuma Geudium J Ag “-Cortez Beach, July, Clearwater 
Beach, August, Tarpon Sprmgs, June, McFarhn Drifting, and 
growing on sponges m fifteen feet of water 

Gracilahia BiiODGETTii Harv — Cortez Beach, July, McFarhn 
Drifting ashore 

Gragilaria conperyoides (L) Gre\ — Naples, March, Davta 
Hillsborough, May, McFarhn Drifting, or in four feet of water 
on a muddy bottom 

Gragilaria cornea J Ag — Clc arwater Beach, August, McFarhn 
Dnfted ashore 

Hypnba CKRVICORNI8 J Ag — Naples, March, Dcmc Drifted 
ashore 

Champxa parvula (C Ag ) Harv — Carrabelle, summer, Chtpman 

Chrybymi nia uvaria (L ) J Ag — Madeira Beach, August, Af c- 
Farhn Dnfted ashore 

Acanthophora muscoides (ti) Bory -Naples, March, Dams 
Drifting inshore 

Acanthophora spicifkra (Vahi) Bdrg — Clearwater Beach, Au- 
gust, McFarhn Floating inshore 

Chondria tenuissima (Good & Wood ) C Ag — Carrabelle, sum- 
mer, Chtpman 

Laurancia intricata Lomx — Clearwater Beach, August, Mc- 
Farhn Drifting inshore 

Laurencia Poitei (Lamx) Howe — Tarpon Springs, June, Afc- 
Farltn Attached m eight feet of water 

PoLYBiPHONiA RAMENTACEA Hafv — Five milcs off the Anclote 
River, Tarpon Springs, July, Clearwater Beach, August, Mc- 
Farltn Old and worn drifting matenal 

PoLTsiPHONiA BUBTiusBiMA Mont — Naples, March, Dam On 
piles of a wharf 

Cbramium STRicTtrtf (Ktitz ) Harv f — Carrabelle, summer, Chip- 
man Probably a new record for the state 
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Centroceras cLAVULATirM Mont — Hillsborough Bay, Tampa, 
May, McFarhn Carrabclle, summer, Cktpman Entangled in 
other, larger, algae 

Spyridia filamentosa (Wulf ) Harv — Naples, March, Dams 
Clearwater, August, Hillsborough, May, McFarhn Floating, 
and attached m from four to ten feet of water o\er a muddy 
bottom 

Haltmknia Florksia (Clem ) J Ag — Cortez Beach, July, Mc- 
Farltn Drifting inshore 

Halymenia qelinabia Collins & Howe — Cortez Beach, July, Mc- 
Farhn Drifting inshore Determined by the kmdness of 
Dr M A Howe 

Melobesia farinosa Lamx — Carrabelle, summer, Chipman Ap- 
parently attached to Thalassia leaves 

Univkhsitt of Michigan 
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CONTRIBUTIONS TO A STUDY OF THE 
FUNGOUS FLORA OF NOVA SCOTIA 

III RESUPINATE HYDNACEAE^ 

LEWIS E WEHMEYER AND KAREI CEJP 

T he following list includes the collections of the rcsupinate 
Hydnaceae made by the senior author in the Province of Nova 
Scotia A general consideration of the points of mycological interest 
in regard to this Provnnce and a description of localities will \h 
found m the first paper on this subject (4) These collections have 
been studied, and most of them identified, by the junior author, 
under each collection the person who made the determination is 
indicated The senior author is responsible for most of the micro- 
scopical data and for the descriptions of fresh material Species not 
previously reported from the provmce are indicated by an asterisk (*) 
In the following list the numbers are those of the field collections 
All specimens are from Colchester County except as otherwise in- 
dicated 

Portions of all collections are deposited both in the senior author's 
herbarium and in the Herbarium of the University of Michigan 

List of Species 

♦Raduluic orbiculabe Ft — On Betula aJhay Upper Brookside, 
July 13, 1931 (1495), det K Cejp 
Arismg as small orbicular, ^'pnmulinc-yellow'' to antimony- 
yellow"* patches with a white byssoid margin The oentml 
areas become irregularly tuberculate or somewhat toothed in 
age and dry a pale brown Spores long-cylmdrlc, apiculate, 
hyaline, 7-10 X 26 -3 6^ 

*Gbandinia FARiNACBA (Pers ) Board k Gals — In insect borings 

* Papers from the Department of Botany and the Herbarium of the Unl- 
vaiaity of Michigan, No 472 

^ Color names in quotes are taken from E Rldgway, Color Sfatidardt and 
Color Nemefidaiw^t Washington, D C , 1912 
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Wehmeyer and Ce^p 

in much-decayed wood, Earltown Road, August 22, 1031 (1425), 
det K Cejp, on Betula, Victoria Park, Truro, August 30, 1033 
(1644), det M A Donk 

Creamy white, context very thin, floccose-pruinose, with mi- 
nute teeth 100-300 fx in length Margin flocoose-pulverulont, 
white Spores subglobose with a single guttula, 2 6-3 X 
2"2 5 pf minutely asperulate when mature 
*Acia fusco-atra (Fr ) Pat (Myccacta ftiaco-aira (Fr ) Donk) — 
On decayed sticks, Upper Brooksido, July 19, 1929 (59), dot K 
Cejp, July 14, 1033 (1583), det M A Donk (mb Mycoacia) 
Margin bluish gray, prumose Teeth terete, fleshy, grayish 
white, becoming yellowish to red-brown or blackish upon drying 
Apex of teeth with slightly projecting, enlarged, encrusted 
hy|)hac Small, pointed, hyaline cystidioles, 16 X 3 some- 
times sparsely present Spores ellipsoid, hyaline, 3—4 5 X 
15-2 m 

European specimens (Czechoslovakia, Franco, Netherlands, 
Poland) quite similar, American specimen with more strongly 
colored trama and teeth nearly black-brown when dned 
♦OnoNTiA ahouta (Fr) Qu<^l — On much-dooayed wood, espe- 
cially within the roots and bases of old stumps Folleigh Lake, 
July 20, 1931 (1101), Upper Brookmde, July 19, 1929 (166), 
Salmon River, August 1, 1931 (1201), det K Cejp 
Cream color to tan with a white, prumose-pubescent margm, 
coriactoufi, papery Teeth quite variable m size and formation 
Some of them scarcely visible, others up to 2 mm in length, 
usually broad, flattened or compound, others poroid (No 1101), 
approaching those of Irpex deformia, as given by Bourdot and 
Galzin (2, p 427) The capitate cystidioles with apical resinous 
globules, 6-9 jn in diameter, were seen in all collections, but 
were much more numerous in some than in others In No 166 
they were abundant m the trama as well as in the hymenium 
Nos 166 and 1201 showed a few thick-walled bottle-necked 
cystidioles, but these were not encrusted, as given for 0 argnta 
by some wnters Nos 1101 and 166 showed protruding byphal 
elements m the hymenium which were encrusted m 1101 but 
not in 166 Spores subglobose, hyaline, 35-6 x3-36ji 
♦Odontia BicotOB (Alb & Schw ) Bres — On decayed conifer log, 
Upper Brookside, July 19, 19^ (134), det K Cejp 
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Bluish white to grayish white at first and about the margin, 
becoming yellowish toward the center or in age Teeth minute, 
scattered, papillate at first becoming pointed or branched, 
penicillate at the apex, 100-250 X 40-l')0/x Context very 
sparse There are two types of capitate cystidiolcs, one with an 
apical resinous or oily globule, 9-10 m diameter, and a 
second with an echmulate, crystalline tip, 3 5 - 6 ju m diameter 
Spores oblong-ellipsoid, often flattened on one side, apiculate, 
hyahne, 3-6X1 6—2 fx 

*Odontia CRU 8 T 08 A (Pcrs ) Qu€l — On Fagus, Upper Brookside, 
July 10, 1931 (483), and July 1, 1931 (349), on Abies 6a/sawca, 
August 12, 1931 (1289), det K Cejp, on Satnhucua racemosa, 
July 9, 1931 (462), det L E Wehmeyer 
Pale cream to ochraceous, drying light brown, margin white, 
minutely floccose-fimbnate, surface often cracking Teeth as 
minute warts at first, becoming short, stout, and compound 
The h 3 rmemum contains few or numerous small hyaline cystidi- 
oles, 16-26 X 2-3 /i, with abruptly contracted, tapered tips 
which barely project above the surface Spores ellipsoid to m- 
equilateral, hyahne, often with a single guttula, and 4 6-66 X 
2-26 m 

♦Odontia pawllosa (Ft ) Bres — On decayed beech, Upper Brook- 
side, July 11 and 27, 1931 (492, 1162), det K Cejp 
Waxy-fleshy, whitish turning yellowish, margin thinmng out, 
whitish, arachnoid, granular Teeth minute, tuberculate to 
dentate or compound, 100-500 X 100-300 fi Caphke cystidiolea 
With apical resinous droplets, 6 5~8 5 fx m diameter, were seen 
In No 1162, but not in No 492 When treatwi with potassium 
iodide or chloral hydrate, there appeared m the hymemum 
pointed awl-shaped hyphae which are probably the cystidioles 
with the droplets dissolved away Tho teeth are penicillate with 
protruding hyphae which are encrusted with large crystalhne 
granules Spores oblong-ellipsoid, hyahne, 4 X 2 6 p 
Microscopically this species resembles 0 arguia, but it is more 
waxy and has smaller, more granular, not flattened teeth 
These specimens agree with European material (3, p 39) The 
species is especially destructive to beech and oak wood and 
often spreads out over tho adjacent humus and d6bns 
Mtooleptodon FiUBRXATUM (PoTg } Bourd & Qals — On decayed 
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wood, Upper Brookaide, July 17, 1931 (1074), det L E Wch- 
mcyer 

Fairly common on decayed wood 

•Mvcoi^KProDON OCHRACEUM (Pers ) Pat (Hydnum ockraceum Pera , 
H almcolum Velenoveky, Leptodori Qu4l , Stecckennum och- 
roceum (Pers ) Gray) — On Alnua sp , Victoria Park, Truro, 
July 23, 1931 (1120), det K Cejp 

Widely efifuse with rounded white margins, membranous- 
tough, easily separable, ^‘ochraceous salmon'* or '^capueme- 
orange” to “Mikado-orange” when fresh, fading upon drying 
Teeth fimbriate when young but not when mature Cystidia 
numerous, hyaline, encrusted, 10-60 X 7 p Tramal hyphae 
with somewhat thickened walls Spores ovoid, hyahne, 3-4 
X 1 6-2 6 M 

Fructifications much more effuse than those in European ma- 
terial 

♦Hydnochaet® olivacbum (Schw ) Banker — On coniferous twigs, 
Wabii Lake, Shelburne Co , August 19, 1928 (1496), ooll C E 
Atwood, det L E Wehmeyer 

This species is found in the literature under vonous names, 
commonly as Irpex ctnnamomeiM or / /usccsccns The combi- 
nation given above is in accordance with Banker's study (1) of 
this species 

•Irpkx tuurifkra (Schw) Fr — On Fagus, Upper Brookside, 
July 24, 1929 (103) and July 29, 1931 (323), on Betula, Salmon 
River, July 14, 1931 (1027), det L E Wehmeyer 

Common upon dead twigs and limbs 

•PanEBiA funjATA Pr — On Fagus, Upper Brookside, July 10, 1931, 
fide M A Donk (484) 

♦Phlebia btriooba-zonata (Schw ) Lloyd — On Populus, Fol- 
ieigh Lake, July 20, 1931 (1109), det L E Wehmeyer 

Univebsitt or Micbioan 
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VEGETATIVE ANATOMY OF THE TOMATO 
{LYCOPERSICUM ESCIJLENTUM MILL) 

I STEM STRUCTURE 

EDWARD F WOODCOCK 

A STUDY of the literature on Holanaceae, the family to which 
the tomato belongs, shows a lack of information on the vegeta- 
tive anatomy of Lycoperstcum esculenium Mill Much has been 
written about its culture, genetics, and pithology, but viry little 
about its anatomy 

The early mvestigators confined their attention to the xylem of 
plants, since this tissue is the most easily seen with low magnifica- 
tion Later, sieve tubes were studied, and Hanstein (2) was the 
first to report their occurrence in the feolanaceae Peterson (4) 
discusses the distribution and the rclatne amount of external and 
internal phloem m different genera of Solanaccae, but he does not 
mention the genus Lycoperstcum Artschwager (1) gives a very 
complete discussion of the anatomy of the potato (Solanum tubero- 
sum), a member of the Solanaceae and a close relative of the tomato 
Even though the writer discovers a marked similarity in the stem 
structure of the two plants he finds no mention of that fact in Art- 
schwager’s work King (3) describes the root-stem transition in 
the tomato and considers it similar to that described by Artschwager 
(1) for the potato 

MATERIAL AND METHODS OF INVESTIGATION 

The material for study was obtained from plants grown from 
seed m the greenhouse Microtome sections of the stem from 
10 to 14 microns thick were stained with Bismarck brown and 
methyl green A check on the path of the vascular bundles through 
the stem and on the method of branching was obtamed by studymg 
segments of the stem which had been fixed, dehydrated, and cleared 
in xylol 
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ANATOMY OF THE STEM 

A cross section of tho stem btfore secondary thickening has 
begun shows (PI XXIX, Fig 3) a circle of vascular bundles, limited 
on the outside by the endodermw and the pencycle and on the 
amide by the pitli 

The epidermis is Sfparati^ from tlif collenchyma of the cortev 
by a subepidermal layer one cell thick, which is thm-walled and 
loosely arranged (Fig 4) The presence of this layer of celis permits 
easy removal of the epidermis Tlu stomata occur irregularly ar- 
ranged on the stem, each stoma located at the top of a slight eleva- 
tion 1 he guard colls show typical wall thickening, and an located 
directly al>ove a substomatal air space The antieJmal walls of the 
epidermis are quite straight m contrast to the wavy condition evi- 
dent in the leaf epidermis The numerous hairs which arise from 
the epidermis vary m kind and shape The longest are scveral- 
celled, imbranchtd, and pointed Thest hairs are from 3 to 4 mm 
in length and are set m a rosette of cells which rises above the level 
of the epidermis Anothir pointed hair, which is quite similar to 
the foregoing, is about 1 mm in length and arises as a direct out- 
growth from the outer wall of tho epidermal cell In addition to 
the pointed types of liaiis there are three gland-tipped types One 
of these is slightly shorter than the hair last described and has at 
Its tip a somewhat enlarged gland cell The other two have a multi- 
cellular gland-tipped portion One of these consists of a single 
basal cell supporting a multicellular portion, which is composed of 
irregularly arranged cells The other has a glandular terminal region 
made up of four uniform, somewhat rounded cells, which are radi- 
ally arranged about the tip of the one- or two-celled hair axis 
The glandular portion of the epidermal hairs contains an oily ma- 
terial winch, when released upon rupture of the gland, gives the 
characteristic odor and the yellowish green stam evident when a 
person handles the plants 

The collenchyma region (Fig 4), which is several cells m thick- 
ness, forms a continuous layer around the stem The wall thicken- 
mg on the longitudinal walls is localiaed at the comers of the cells 
In a few cases the wall thickening extends across the tangential 
wall and gives the collenchyma a stratified appearance The col- 
lenchyma cells either abut directly on the endodemus, which is 
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made up of thin-walled cells with slightly developed caspanan strips^ 
or may be separated by one or two parenchyma cells 

The vascular cylinder is not of uniform thickness throughout 
(Fig 3) , projections into the pith occur at mtervals The bundles 
which form these projections arc in part free and m part connected 
by mterfascicular cambium Although the stem is nearly circular 
in cross section, there are throe large bundles and between each two 
of these there is a smaller bundle 

The bicollateral arrangement of the vascular tissues is seen in 
both the larger and the smaller bundles of the stem In cross section 
a small bundle appears, as shown in Plato XXVIII, Figure 1 The 
tracheary elements of the primary xylem appear as thick-walled 
structures, separated by xylem parenchyma cells A longitudinal 
section of the bundle (Fig 4) shows the primary xylem to consist 
of narrow, distorted ringed and spiral protoxylem elements and 
broad metaxylem rmged elements in which the rings aro closely 
placed or merge mto the netted type At more or less equal distance 
from the outside and the inside of the xylem are small groups of 
thm*walled cells, which make up the phloem Several layers of 
uniform, rectangular cells, the cambium zone, separate the external 
phloem from the xylem The internal phloem groups are separated 
from each other and the xylem by thin-walled, irregular colls This 
small-celled region, m which the internal phloem is located, fonns 
what may be termed the perimedullary zone The external phloem 
groups are separated from each other and from the endwlermls by 
parenchymatous cells, which are of irreg^ular size and constitute 
the perlcychc region of the stele The phloem in l>oth regions Is 
made up of cell groups, which in the outer zone are small and form 
a fairly contmuons band and which in the inner zone arc more 
varied m size and mor« scattered 

The phloem consists of small groups of sieve tubes with their 
companion cells and conduotmg parenchyma A longitudinal sec- 
tion of the vascular bundle through the phloem and xylem (Fig 4) 
shows the cross walls of the sieve tubes thickened to form the sieve 
plates A prominent nucleus is evident in each segment of tlie 
sieve tube, and also associated with the tube may be seen a narrow 
companion cell 

The arrangement of the vascular tissue as it follows a longitudmal 
course through the stem is closely related to the scheme of phyllo- 
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toxia The bundles remain at approximately the jsame distance 
from the center in their vertical course through the stem, and enter 
the leaf as a whole or in part Those bundles which pass into the 


Fiq 18 Diagram to show arrangement of bundles in hypocotyl, cotyledon 
node, and first leaf node 

Fig 19 Arrangement of bundles In second and third leaf nodes 

leaf are known as leaf-trace bimdlcs Theu* relation to the bundles 
in the stem is of much importance The diagram (Figs 18*19) md 
the photomicrographs (PI XXIX) show the origin and the course 
of the various traces and their relation to each other and the stem 
A study of the petiole cross section (PI XXIX, Figs 1-2) shows that 
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the vascular tissue consists of a seinicircular area composed of five 
groups Three of these groups are large and two small, the latter 
l3dng m the corners of the petiole 

The hypocotyl Is traversed by four bundlt s (PI XXIX, Fig 3, 
and text Figs 18-19), which originate from the diarch radial bundle 
of the root At the base of the two cotyledons CYl and CY2 these 
four bundles divide to form the cotyledon traces and the vascular 
supply above the cotyledon zone Bundle A givi s off the cotyledon 
trace A1 and continues beyond the cotyledon node to form the large 
stem bundle which gives off branches to form half the lateral 
traces of the second and third leaf petioles It also gives off at 
each of these two nodes a small stem bundle Bundle B gives 
rise to the cotyhdon trace Bty to the small bundle B5, which forms 
the median trace of the second Uaf, and to the large stem bundle 
which gives off branches to form half of the lateral traces of 
the second leaf, that is, B2A and B^B This bundle B^ continues 
above the second leaf node as B2Cy to enter into the formation 
of the large stem bundle GH Bundle C gives rise to cotyledon 
trace C/, to a small stem bundle which continues through the 
stem to form the median trace of the third leaf, and to a large stem 
bundle CS, which gives off branches to form the lateral traces C3A 
and CSB of the first leaf Bundle CS continues past the first node 
as CSC and enters into the formation of the large stem bundle EF 
Bundle D produces the cotyledon trace D1 and the median leaf 
trace DS of the first leaf Figure 2 of Plab XXVIII shows the origin 
of the median trace of the first leaf Bundle D also contmucs on to 
form the large stem bundle which divides into four branches at 
the first leaf node Two of these branches, D2A and MBj form 
lateral leaf traces of the first leaf, a third continues on to form a 
small stem bundle, and a fourth, DSC^ enters into the formation 
of the largo stem bundle EF 

It is evident from these data that the vascular tissue of the petiole is 
denved from two mam sources (1) one of the smaller bundles of the 
stem, which forms the median trace of the leaf petiole, (2) branches 
of the large stem groups, which form the four lateral traces 

The behavior of the bundles passmg through the stem may be 
summarized as follows 

1 The median trace passes through three mtemodcs without 
fusion or division, and then passes into the petiole without branching 
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2 The lateral traces of the leaf petiole are given off at the 
node from two of the three large stem groups 

3 The method of derivation is the same for all leaves, the 
bundles concerned each time are a different pair from those sup- 
plying the leaf below In the right spiral (see Figs 18-19) the right 
member of the set supplying a leaf also serves as a supply for the 
leaf above, where it becomes the left member of the set The median 
leaf petiole trace of a gnen leaf arises just below the third node 
below the leaf which it supplies 

SUMMARY 

The tomato stem has an epidermis which is one cell in thickness 
and which is separated from the continuous collenchyma region by 
a somewhat loosely arranged layer of parenchyma c c 11s The endo- 
dermis underneath the cortex can be identified by its caspanan 
strips The primary vascular tissue of the stele is made up of three 
large blcollatcral bundles and, between each two of these, a small 
bicollateral bundle These bundles are connected by mterfascicular 
cambium and have the external and the internal phloem arranged 
in groups separated from each other by a few parenchyma cells 
The hypocotyl has four vascular bundles, which give off branches 
at the cotyledon node, and also give rise to the six bundles of the 
stem Each of the small bundles of the stem always ends as a 
median leaf trace The lateral leaf traces are denved from pairs 
of large stem bundles 

The writer finds a marked similarity m the structure of the 
tomato stem and that of the potato stem desenbed by Artschwager 

MtCHTOAN BTATS COLUBOa 

£abt hANsiNOf Michigan 
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EXPLANATION OF PLATES XXVIII-XXIX 

Stem of Lyeoperaxeum eaculemium Mill 

The following abbreviations are used on the photomicrographs In Plates 
XXVIII and XXIX C, fascicular cambium, EN, endodermie, EP, external 
phloem, EPI epidermis, HB, hypocotyl bundle, IC, interfascicular cambium, 
IP, mtemol phloem, MT, median leaf trace, MX, motaxylem, PHI, petiole, 
PM, perimeduUary r^on, PX, proioxylem, S, stoma, SE, subepiderttial layer, 
ST, sieve tube, XP, xylem parenchyma 

PLATE XXVIII 

Fia 1 Cross section through small bicoUatenvl vascular bundle, showing 
external phloem. Internal phloem, primary xylem, fascicular cambium, inter- 
fascicular cambium, xylem parenchyma, and penmeduUary region X 135 

Fla 2 Cleared first lecd node, showing course of vascular bundles X 7 

Flo 3 Cleared hypocotyledon region, showing the course of the four bundles 
and the origin of adventitious roots X 7 

Fio 4 Median longitudinal section through a bundle similar to the one shown 
m Figure 1 Note the sieve tubes with sieve plates and the nucleus evident 
in one of the tube cells The thin longitudinal wails of proioxylem are 
pushed in between the rings of the tube X 150 




PLAfF XV IX 


Fjo ) Cmwm ovftion nf )*ti m junt nbovi the hntt loif noilo Crtwn h* rtiou of 
fHtiolf uIko ii}< lutii d in thf fijnjr* X i2 

Fig 2 CnisH HtHuin nf nUiu throii|j;h fir^t Uuf luxit >thowinK of th( 

HXiUarv bud X 12 

FiG 3 Crews H* ftioii of Htt m jiiMt 1 h low tin hrst Imf ntwii Thi twe^Jurnt stmi 
hundb *< in tbi base of fht biilKfd portion of tho st+jji have anst n bv the 
elivmioi) of a sinffli st< ni bundli At tbr lower It ft ma> U seen anotht i laiKi 
stem bundh and abovt that a small median li af traee bundle X 12 

1 IG 4 Cross seetuni ihrouf^h eoll< ne b\ mii rt gion Bhowirtg ipidirmm stonm, 
subtpidermui layer wail thiektniiig of tollenohMiia cells omiodermis aiul 
external phka m groups X 200 






RECENT FISCAL POLICY IN MICHIGAN 

ROBERT S FORD 

T HR fiscal i)oli(y of the State of Michigan witliin recent years 
should be viewed in the light of f hanging economic conditions 
From this standpoint the policy becomes more understandable as 
well as more defensible The problem of adapting the fiscal ma- 
chinery to the requirements of a period of economu depression was 
made more difficult because of the antiquated character of the tax 
system Furthermore, the system of taxation is very inflexible and 
melastic The condition of elasticity is illustrated in the case of 
New 'Vork State, where a deficit of $100 million, which had ac- 
cumulated during a period of three years, was eliminated within 
one year ^ Although this represents a more l^eroic policy than 
most states would follow, it is mdicatlve of the wipidity with which 
maladjustments may be corrected 

The condition of inflexibility anses out of the great rehance on 
the general property tax In the year 1932, for example, the property- 
tax levy amounted to 73 per cent of the total state and local revenues 
In the same year state and local collections of property taxes repre- 
sented approximately 60 per cent of total state and local revenues 
In the localities the property tax account'd for almost 84 per tent 
of total state and local revenues ‘ To discuss the Michigan tax 
situation, therefore, is to discuss the operation of the general property 
tax, because it is basic to the fiscal structure 

The tax problem underlying the recent change m policy is of a 
twofold nature and may be summarized briefly as follows first, 
reliance on the general property tax as a major source of revenue 
and, secondly, a more rapid decline m revenues than in expenditures 
In the four-year fiscal period 1930-33 total state revenues declined 

^ Now York State CommlsaloQ for the Revision of the Tax Laws, Legislative 
Document No 56(1034), p IS 

* Caverly, H L , A iSurtwy T€U6 »n Michigan (1033), p 13 

223 



224 Robert S Ford 

40 per cent, while expenditures of the state government decreased 
only about 16 per cent * 

The great reliance on the general property tax has magnified 
two other aHHociated problems, namely, the decline m assessed 
valuations and levies, and the increase m tax delinquency, these 
two factors account largely for the madequaty of the general prop- 
erty tax during the depression 

NATITKB OF THE TAX PBOBl EM 

Decline in Aseeesed Valuations and Levies 

The decline in assessed valuations and levies m the past few 
years has created considerable pressure on the \anous governmental 
units The total assessed valuation for real and personal property 
combmed dropped from approximately 18 J billion m 1930 to I5i 
billion in 1933/ which represents a decrease of 32 per cent For 
the state as a whole the total tax levy declined from |266| nulliori 
in 1930 to 1169 milhon m 1933,^ or about 40 per cent Entering 
Into the decrease in the levy was the reduction of the state property- 
tax levy from $29} million to $3} million Hanking next to the 
decline m the state levy was the decrease in the tax levy for school 
districts, which amounted to about 28 per cent 

Delinquency 

Tax delinquency has likewise played a major rOle in the recent 
fiscal difficulties The total amount of delinquent taxes in Michigan 
was estimated by the United States Bureau of the Census, as of 
June iO, 1933, to amount to approximately $88 million Expressed 
as the ratio of tax collections to the total levy, this figure represented 
a 40 5 per cent delinquency for the State of Michigan as compared 
with 20 5 per cent delinquency for the United States as a whole 
The delinquency for the east-north-central section, consisting of 
the states of Ohio, Indiana, Illinois, Michigan, and Wisconsin, 
amounted to 32 4 jier cent Of the Onsus Bureau estimate of 
delinquency m Michigan slightly more than one half, or approxi- 
mately $47 million in taxes, wais delinquent m Wayne County * 

* State AdministriiUve Board 

• State Tax Conumssion In 1933 the levels of both assessed valuatiofui 
and levies were below those of 1933 

» United States {department of Commeroe, Bureau of the CJSensus, Cvrreni 
Tax OeHnqumeyt Bart I (1933), pp 6 f 
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In February, 1936, the auditor-general of Michigan estimated 
the total delinquency load to be approximately $283 million,* ex- 
cluding the SIX cities that collect dflinquent taxes directly, namely, 
Detroit, Battle Creek, Grand Rapids, Kalamazoo, Coldwater, and 
Berkley In some of the localities tax delinquency reached a point 
where collections amounted to only 17 or 20 per cent of the levy 
When it 18 considered that the property tax accounts for aliout 85 per 
cent of local revenues, the senous character of the situation can 
be appreciated 

POnCY OF DIUPT 

Prior to 1933 hardly any effort was made to meet the fiscal 
Situation, which was rapidly bt coming more serious Along the 
line of expenditure reduction the legislature, m a special session, 
m 1932 reduced state appropriations by 16 per cent A few minor 
changes were made in the revenue system In 1929 the malt and 
aviation gasolme taxes were adopted, although the present taxing 
measures date from the amendments of 1931 In 1931 an additional 
bracket was added to the inheritance tax m order to take full ad- 
vantage of the 80 per cent Federal credit provision These measures 
represent the only efforts to increase state revenues prior to July, 
1933 

By the close of the fiscal year 1933 the situation had become 
acute At that time the General Fund deficit amounted to $13 1 
million, as compared with 15 1 million m 1932, there had been a 
deficit m the General Fund every year smee 1929 ^ It was m this 
fiscal year also that total revenues of the state government reached 
their low pomt of $92^ million, while total expenditures amounted 
to $106} million Faced with these conditions, the legislature was 
forced to take immediate action 

POLICIES ADOPTED 

The year 1933 marked the turning point m the adoption of 
measures of a remedial nature However, in the attempt to meet 
the situation there was no coordinated policy of reform, it was more 

* It u doubtful that the amount of delinquency inoreanod by $300 nutljon 
during the period 1933 to 1986, as a coropariaon of the figures of the Census 
Bureau and the auditor-general would Indicate At present a study of delinquency 
for the county property tax Is being made by the Michigan Municipal League 

^ Annual Rsports of the State Treasurer 
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in the nature of a scnea of disconnt cted measures designed to bolster 
up the points of greatest weakness Although it was not a legislative 
measure, one of the first steps to be tjikon was the adoption of the 
property- tax rate limitation 

Fifteen-Mill Ltmiiahon 

In November, 1932, the 16-mill property tax limitation amend- 
ment to the Constitution was adophnl, to become effective De- 
cember 8, 1932 It was provided that the limitation should not 
apply to taxes levied m the year 10^2, or to taxes levied for the 
payment of interest and principal on obligations incurred prior to 
the effective date of the amendment At the time of the adoption 
of the limitation the total state and local debt amounted to ap- 
proximately three quarters of a billion dollars, so that the exclusion 
of this factor from the maximum tax rate was of considerable sig- 
nificance In 1933 the average tax rate as riportid by the Tax 
Commission amounted to $27 39 i>er $1000 of assessed valuation, 
or 27 39 mills, of this amount 7 39 mills represented the portion for 
debt service, while the average tax rate for operating purposes 
amounted to 20 mills 

The uncertainty as to the jurisdictions covered by the limita- 
tion was settiod m the so-called Pontiac case * in 193*?, m which the 
Michigan Supreme Court held that all cities and villages were exempt 
from the operation of the limitation f he cities and villages were thus 
empowered to levy up to their charter limitations, which ranged 
from 10 to 20 mills for municipal purposes alone 

The tax-rate hmltation has not been operative long enough for 
its full effects to be clear Nevertheless, certain conditions have 
arisen which indicate to some extent the fiscal results of the limita- 
tion In the first place, there has been a decrease in revenues from 
the general property tax This has led to some reduction in expendi- 
tures, which was one of the objectives of the proponents of limitation, 
but such expenditure reduction has been small and came only as an 
indirect consequence 

Secondly, and as a corollary to the first factor, the impact of the 
l5-mill limitation has probably been greatest upon the pubhc school 
system because of the sharp curtailment of revenues received under 
the Primary School Interest Fund The public utilities, which are 
• Sekooi Dutnet ef ihe City of Ftmluto v Ciiy of Ponitoc^ 263 Mich 338 
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the largest contributors to this fund, are taxed at the average state 
tax rate In 1933 the average state rate of taxation for all purposes 
was 27 39 nulls, as compared with a rate of 32 796 mills in the pre- 
ceding year, representing a reduction of approximately 5 mills, or 
18 per cent, m the average rate * 1 he yield of the tax on the rail- 
road companies, which accounts for the largest portion of the public 
utilities tax, declined from approximately 110} million in the fiscal 
year 1931 to approximately $5} mflhon in the fiscal year 1933 
The amount of the Primary School Interest lund declmed from 
approximately $24} million m 1930 to about $17} million in 1934,^'* 
representing a decrease of 20 jier cent In the fiscal year endmg 
June 30, 1934, revenues totaling slightly more than 174 million were 
available for school support, as compared with $109 million in 1930, 
or a decrease of about 30 per < eut As a result of this great reduction 
m revenues, financing the schools has emerged as one of the most 
pressing fiscal problems 

Thirdly, recent adoptions by cities — Hint, Pontiac, Saginaw, 
Grand Rapids, Muskegon, North Muskegon, and Muskegon Heights 
— of the limitation will probably entail a drastic curtailment m 
governmental operations, and in some instances it is doubtful whether 
sufficient revenues will be available for operating purposes In 
Pontiac, for example, expenditures have been reduced about 68 per 
cent during the past four years Under the limitation it will be 
necessary to make a further curtailment of approximately 47 per 
cent In addition, Pontiac is faced with a tax-delmquency rate of 
about 50 per cent 

Fourthly, short-term credit has practically been stopped because 
all new debts — debts incurred since December 8, 1932 — must 
come withm the limitation of 15 mills Many cities are unable to 
meet operatmg costs under the rate limitation, so that any mcrease 
m the tax rate for improvements is practically out of the question 
Long-term borrowing is also affected because it is provided in the 
amendment that the vote on an increased levy shall be effective for 
only five years Consequently, bonds must be limited to this ma- 
turity period 

Finally, the effect of the 15-mill limitation will be mtensified be- 
cause of the decline m assessed valuations As noted previously, the 
total assessed valuation for real and personal property together de- 
* State Tax Commiaaion State AdministraUve Board. 
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dined by about 32 per cent from 1930 to 1933 In 1932 the average 
levy for all purposes was 32 796 mills on an assessed valuation of 
$6,614)308,000 In 1933 the average levy for all purposes was 
27 39 mills on an assessed valuation of $5,829,284,000 ” Withm 
one year, therefore, there occurred a decrease of slightly more than 
three quarters of a billion dollars in the assessed valuation and a 
reduction of slightly more than 5 mills m the average state tax rate 

Tax Dehnqttency 

Since 1932 the legislature has been attempting to provide some 
sort of relief for tax delinquency in order to prevent distressed home- 
owners from losing their property through tax sales 

At an extra session of the legislature m 1932 legislation was passed 
providmg for the cancellation of penalties, fees, and interest charges 
on unpaid taxes for 1929, 1930, and 1931, if such taxes were paid 
within a specified penod 

At a regular session of the legislature in 1933 an act was passed 
prohibiting the sale of lands on which taxes were delinquent for 
1930 and pnor years In the same year legislation was also passed 
allowing delinquent taxes and special assessments to be paid in ten 
equal instalments on or before September 1, 1935, and annually 
thereafter, such payments to be made without collection fees or 
penalties, but with interest at 4 per cent per annum from September 1, 
1935 In the estimate of delinquency which was made by the United 
States Census Bureau, the average rate for Michigan was set at 
40 6 per cent The delinquency rate by counties as of June 30, 1933, 
ranged from as low as 12 per cent in Keweenaw County to 92 6 per 
cent m Macomb County It seems probable that the high rate of 
delinquency represents partly a psychological reaction to the penalty 
cancellation and the moratorium in the hope that further legislative 
leniency may be shown That such action is not beyond the realm 
of probabihty is indicated by the fact that a bill has been introduced 
in the present session of the legislature providing for the cancellation 
of delmquent taxes 

Sales Tax 

The state was forced to abandon almost entirely the state prop- 
erty-tax levy because of Uie 15-mill limitation, the great dependence 
State Tax Ckmmuaeloo ** See report (uted In note 5, p 224 
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of the local units on the property tax, and the high rate of tax de- 
linquency To make up for the loss of revenue a retail sales tax was 
adopted in June, 1933, to become effective on July first The act 
was passed for the purposes of relieving real estate from the state 
levy and to provide funds for the Emergency Wdfare Relief 

In the act provision is made for the specific allocation of funds as 
follows 

State Emergency Welfare Fund for the Bacal 
year ending June 30, 1934 $12,000,000 

General Fund for each hacal year ending 
June 30, 1934 and 1935 19,000,000 

Umverettty of Michigan fiscal year ending 
June 30, 1934, and each fiscal year there- 
after 600,000 

Michigan State College of Agriculture and 
Applied Science for fiscal year ending 
June 30, 1934, and each fiscal year there- 
after 200,000 

Total 131 700,000 

It Will be observed that the allocation to the General Fund 
amounts to $19 million, for this amount the state relinquished a 
property-tax levy of about $20 million 

Specific allocation of $12 million is made to the State Emer- 
gency Welfare Fund For the fiscal year 1934 the Michigan Emer- 
gency Relief Administration reported that approximately $42} 
million was expended, of this amount about 65 per cent was con- 
tnbuted by the Federal Government, about 28 per cent by the state, 
and about 5 per cent by the localities, in December, 1934, these 
proportions amounted to 75 per cent, 13 per cent, and 12 per cent, 
respectively During July, August, and September of 1934 the total 
rehef and administrative expenditures of the Rcbef Administration 
averaged about $5 million per month The staters contribution to 
the relief fund is provided for by specific allocation from the sales- 
tax proceeds In December, 1934, when relief expenditures amounted 
to $7} million, approximately 18 per cent of the population of 
Michigan was “on relief ” 

Subsequent to the adoption of the sales tax the legislature passed 
an act** appropriating from the sales-tax proceeds, for the fiscal 
year ending June 30, 1934, and each year thereafter, a sum not to 

** Miohigim Emergency Relief AdminUtration, AfonifUy BuUehn on Pubhs 
December, 1934 Public Acte, 1933. No 236 
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exceed $15 million for aid and support of the public schools The 
public school system thus became the residual claunant to the pro- 
ceeds in excess of $31,700,000, but not to exceed $15 million In the 
fiscal year ending June 30, 1934, the public school system received 
approximately $2| million from the retail sales-tax fund For it to 
receive the full $15 million it would be necessary for sales-tax col- 
lections to amount to $46 million, plus the amount required to defray 
expenses of administering the act It has been estimated that the 
sales-tax collections will amount to approximately $40 million 
during the fiscal year 1935 

Chain-Store Tax 

Shortly after the passage of the salts tax the legislature enacted 
a measure providing for the taxation of chain stores Such stores 
were made subject to graduated hcensc fees ranging from $10 pt'r 
store m excess of one and up to three stores, $25 for each store in 
excess of three and up to five stores, to a maximum fee of $250 on 
each store m excess of twenty-five The proceeds of the license fee 
were to be apportioned among the elementary schools in proportion 
to the number of teachers, with the qualification, however, that 
the apportionment to any school district, when combined with the 
Primary School Fund, should not exceed $800 per teacher employed 
in the first to eighth grades 

The constitutionality of this measure was questioned by com- 
panies such as the C F Smith Company, with 620 branches in 
Michigan, the Kroger Company, with 857 stores, and the Atlantic 
and Pacific Company, with 817 branches m Michigan On March 6, 
1935, the graduated beense ft e was upheld by tlie Michigan Supreme 
Court Under the terms of the decision approximately $700,000 in 
taxes which are being held in escrow will become available for state 
uses In addition, it is estimated that the license fees from non- 
litigants amounted to approximately $27,000 m 1933 and $145,000 
m 1934 The chain-store license fees are estunated to yield between 
$750,000 and $1,000,000 annually 

Liquor Revenues 

The Liquor Control Act became effective on December 15, 1933 
In this act provision was made for the creation of a Liquor Control 

“ C F Smith Companyt et al Frank D FtUgmdd^ ei ol , 259 N W 352 
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Commission, and a system of control was set up which was based on 
a system of state-owned stores and the licensing of manufacturers 
and distributors 1 he legalization and taxation of liquor has been of 
considerable fiscal importance lor the period December 16, 1933, 
to June 30, 1934, approximately $3J million was derued m liquor 
revenues Of this amount the net profit of the state-owned liquor 
stores amounted to slightly more thin one million dollars, beer-tax 
stamps and the alcohol tax amounted to approximately SI 3 million, 
lictnses were in excess of $400,000, miscellaneous items imounted 
to slightly leas than $10,000 Recent unofficial estimatts indicate 
that the revenue from thm four items will amount to almost $8 
million for the calendar year 1934, and it is probable that a similar 
amount will be collected during the present fiscal year 

The act provides that in the disposition of revenues one million 
dollars shall be used for the ( reation of a special revolving fund , tho 
balance, except for a minor amount, shall be used by tho State Ad- 
ministrative Board m making loans to public school districts in need 
of funds, unless othtrwise appropriated by the legislature In the 
fiscal year 1934 almost one milUon dollars of liquor revenues was 
placed 111 the Special School Eimrgtmy Fund 

It should also b( noted that on February 1, 1935, liquor sales be- 
came subject to the retail salts tax, this is estimated to yield ap- 
proximately one-half million dollars a year 

Public Debt 

At an extra session of the legislature m 1932 five acts were passed 
to cope with the situation m municipalities where defaults were im- 
minent Various provisions were contained m the acts for the issumg 
of refunding bonds for certam purposes with maturities specified 
Some of the terms provided were very liberal 1* or example, refund- 
ing bonds issued m anticipation of the collection of special assess- 
ments could hav e a maturity of twenty years from the original date 
of the issue of the bonds, and bonds issued to refund notes issued m 
anticipation of the collection of taxes or special assessments might be 
spread over a period of ten years Another act provided for the 
creation of a Pubhc Debt Commission to prevent the occurrence of 
defaults in any refundmg bonds issued accordmg to the act and to 
protect the holders of such refunding bonds The Commission was 
Liquor Control Comnusuiou 
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authorized to examine the books and records of any municipality 
for the purpose of ascertaining whether or not it was complying with 
the requirements of the act 

RESULTS OF REVENUE LEGISLATION 

There was a stnkmg change during the fiscal year ended June 30, 
1034, when total taxes, licenses, and fees rose from $69 million to 
1101 million/^ owing to the adoption of the sales tax In the same 
period total state revenues, mcluding taxes, licensee, and fees, in- 
creased from 192^ million to $152^ million,^* or about 64 per cent Of 
the 160 million increase m total revenue, approximately $58 million 
was due to two factors, namely, the adoption of the sales tax and an 
mcrease in Federal aid amounting to about $24 million 

In the fiscal year 1934 state expenditures increased from $106§ 
million to $150 million, or about 28 per cent Of the $43 million in- 
crease, about $35 million was due to the expansion of relief expendi- 
tures from the sum of $5 3 million in 1933 to $40 3 million in 1934 
The remainder of the increase is accounted for chiefly by an increase 
of $15 milhon in revenues for local units, which are collected by the 
state 

During the past fiscal year the General Fund revenues mcreased 
more than 100 per cent from the figure of $25 4 million to $52 1 
million Of this mcrease of $26i million the sales tax accounted for 
$19 milhon Despite the mcrease in General Fund reienues, the 
deficit as of June 30, 1934, was $13 7 million, as compared to $13 1 
million m 1933 

CONCLUSION 

In conclusion, I think it is evident that the difficulties experienced 
by tlie state within the past few years are traceable to the great re- 
liance placed upon the general property tax The financial policy has 
been aimed at reheving the points of greatest pressure, such as the 
decline m revenue, the heavy property-tax burden, and increasing 
tax delmquency However, most of the measures adopted In fur- 
therance of this policy appear to be rather futile In the first place, 
thB 15-mill limitation is not an adequate instrument for checkmg 
expenditures and relieving the property-tax burden Assessed valua- 

This figure moludes sales-tax ooUeetions for a period eleven months only 

State Admmiflirative Board 

Annual Report of State Treasurer, 1984 
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tions would probably have declined m any event, owing to the 
seventy of the depression In relatively prosperous periods the effects 
of such a limitation would probably be nullified by an increase in 
assessed valuations 

Secondly, the high rate of delinquency is a serious matter, but 
legislative tampenng by means of a moratorium and other devices, 
as well as the political promise of outright cancellation, simply ag- 
gravate rather than relieve the pressure PerhapvS assessed valuations 
on some property were too high for the ytars m which taxes were re- 
turned delinquent However, outright cancellation hardly seems the 
proper solution of a problem mvolvmg approximately one fourth of a 
billion dollars The psychological reaction to such a step would 
probably be very great Moreover, it is doubtful whether cam ella- 
tion or repudiation would be valid from a legal standpoint If some- 
thmg must be done, it would seem more advisable to create some 
sort of Tax Adjustment Commission, which would investigate the 
whole problem of delinquency on vanous types of proj^erty 

Furthermore, the delinquency picture is changing, and it would 
be advisable perhaps to forgo further legislative tampenng at present 
The Michigan Municipal League is now engaged in a state-wide sur- 
vey of the delinquency for county taxes over a ten-year pe nod The 
results of this survey for the sixteen counties m which the complete 
findings are available indicate a significant change durmg the fiscal 
year 1934 Tables have been compiled showing the ratio of current 
and delinquent property-tax collections to the total current county 
tax levy In seven of the sixteen counties such collections exce< ded 
100 per cent of the levy, in four counties collections exceeded 90 per 
cent of the levy, and in five counties collections exceeded 80 per cent 
of the levy It seems evident, therefore, that tax delinquency is de- 
creasing despite the agitation for cancellation 

Thirdly, the sales tax was adopted because no other source of 
revenue was available Presumably an income tax could have been 
imposed only by means of a constitutional amendment Conse- 
quently, the burden of meeting the crisis was placed largely on those 
who were least able to bear it The tax on food alone represented 28 
per cent of the total sales-tax oolloctlons in the fiscal year 1934, 
while food and wearing apparel combined represented 36 per cent of 
the total 

It seems that the effects of the sales tax in rehevmg the burden 
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on property have been somewhat overestimated The state property- 
tax levy, for which the sales tax was introduced as a substitute, 
amounted to $29} million in 1930 and $23} million m 1932 The 
proceeds of the sales tax m the hscal y( ar 1934 exceeded 134 million,*^ 
representing an increase of $6 million over the high state levy of 1930 
To illustrate ont possible effet t of the shift from the property tax to 
the sales tax, let it be assumed that two persons own property having 
a valuation of $4,000 and $10,000, and that a reduction of 3 mills is 
made in the tax rate, this would amount to a saving of $12 and $30 
respectively on the two pieces of property If the $4000 property 
owner hod an income of $1,500 and spent $1,000 on items subject to 
the sales tax, he would pay $30 salo tax If the $10,000 property 
owner had an income of $4,000 and spent $3,000 for items subject to 
the sales tax, he would pay sales tax m the amount of $90 The net 
result, according to this illustration, is that the $4,000 property owner 
pays $18 more m taxes, while there is an mcrease of $60 m taxes for 
the $10,000 property owner What a person gams, therefore, m real 
estate relief may be more than offset by the increase in the sales-tax 
burden 

I*mally, the taxation of liquor represents a fortuitous source of 
revenue which will probably increase appreciably witlan the next few 
years A very commendable system of liquor control has been 
created in Michigan Certain interests, however, are urging that the 
business be transferred from the state to private groups This is 
based on the unsubstantiated contention that the state stores are 
inefficient and poorly managed 

In the attempt to meet the fiscal emergency of the past few years 
there has been no unified policy of tax revision An analysis of the 
recent changes leads to the conclusion that the results of the new 
legislation have been somewhat different from those that were an- 
ticipated Apparently the tax-rate limitation was designed to rehevo 
property, either by transferring a portion of the tax burden on prop- 
erty to some other tax base or by reducing expenditures m an 
amount equivalent to the relief for real estate It is true that a por- 
tion of the tax burden has been shifted from property, but in the 
process of the transfer there has been an mcrease in the total tax 
burden In the cities that are now under the 15-mill limitation 

State Tax OmimifletoQ 

State Board of Tax Administration 
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there is considerable agitation for the state to make additional grants- 
in-aid As other cities take similar action the pressure will become 
even greater The state will therefore be placed m the position of 
having to discover new sources of revenue The objective of tax 
revision should be defined so that a definite, codrdmated program 
could be formulated The tax problem is an mtegrated problem, 
and it requires an mtegrated solution, any other type of treatment 
will tend to create more problems than it was designed to (orrect 

Univebsity op Michioak 




HOW MUCH DEVELOPMENT CAN A 
WILDERNESS AREA ENDURE? 

SHIRLEY W ALLEN 

A WILDERNESS area as I shall consider it in this paper is ex- 
tensive^ wild, and undeveloped, interesting because of unusual 
terrain and living forms and because nature may bo observed at work 
undisturbed by man, and dedicated exclusively to recreational use 
Let us assume that one of these areas m the United States were 
to suffer destruction of a considerable part of its plant and ammal 
hfe through an uncontrolled natural fire — one started by lightnmg 
Few biologists, and fewer administrators of ccmservation enterprises, 
would consider this event anythmg but a calamity — almost the last 
thmg they would wish to see occur And yet nature here would be 
at work, or perhaps at play, undisturbed by man^ 

Now let us go to the entrance of another great wilderness area, 
characterised by rugged canyons and mountains or dangerous waters, 
few and poorly maintained trails, sudden and severe storms, lack of 
any buildings, sources of supplies, or means of communication — a 
real wilderness 

How many men in conservation work would feel it anything but 
their duty to advise all except the most seasoned explorer of wild 
country to stay out of such a wilderness unless he had a guide as well 
as pack ammals or means of water transportation? The answer is, 
very few mdeed, and even these would probably be sharply enticiaed 
for failing to warn travelers 

Our attitudes m these two situations are interestmg Nature 
should be undisturbed except in case of fire The wilderness should 
be wild but not too inconvenient May not these viewpomts mdloate 
about what we think a wilderness area needs or can endure m the 
way of development, if It is really to be, first, preserved, and, sec- 
on^y, used? Forever in a state of nature'^ is a phrase which calls 
up a picture of wilderness, even a wilderness which has suffered from 
a lightning fire Add the remainder of the quotation “for the use 

287 
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and enjoyment of tht peopI< and the wilderness picture begins to 
look like the unrighteous man m the Psalms (who is really the cham- 
pion fadeaway artist m all literature), ^'Thou shalt diligently seek 
hiM place and it shall not be ** The wilderness will certamly “not 
be,“ for long, under the impact of too much use and enjoyment of 
the people 

But recreational use of pnmdive country or country which has 
revertiHi to wilderness frequently involves the loss of life, health, or 
limb of the user and, what is less obvious, the destruction of the 
charm of the area itself The latter calamity is frequently accom- 
panied by persistent local ugliness and disorder ^^hich is all the more 
shocking because so far from ordinary human haunts 

Who among us cannot recall with disgust that masterpiece of 
convenience, th# tm can, decorating m impressive numbers a spot 
from which the most majestic scenery is visible at a dtstance? Who 
has faded of introduction to a disemboweled mattress which some 
lover of comfort has left on the shore of a lake? What is worse, Wlio 
has missed the violent odors of human filth so often left uncovered 
about a favorite camp site in a scene otherwise perfect? 

One may tlunk of these disorderly things as isolated and fleeting, 
like waste discarded from ships at sea, and yet the pollution of the 
land persists for a long time even in unfrequented country But 
there are man-caused or natural changes which are not fleeting What 
about the meadow where pack stock could feed ten years ago and 
which is now one vast gully? What of an impassable trail where one 
meets a landslide on his way back to civilisation when his supplies are 
about used up? To make the picture more homely, What about an 
early fall bluzard or a cold ram which lasts for days, with one*s 
tentage lost m crossing a mountain torrent or along with a pack mule 
which was pushed over the cliff by a frightened saddle horse? These 
are conditions to be met m travel through a real and savage wilder- 
ness area 

Such areas will be used, however, and even enjoyed by the people 
Therefore, without insisting that any wilderness area be made safe 
for everybody or even relatively fireproof, I should like to suggest 
some limits and types of development which will tend to retain the 
wilderness and yet make it tolerable for use by somebody other than 
a professional explorer 

One cannot separate the words “road” and ” gasoline” for long 
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The term ‘‘truck trail" is an admirabh admission of this truth (I 
hope we shall never s( c " wilderness gasolmt " as a cost item on con- 
servation records) A road of any sort, narrow, crooked, swampy, 
camouflaged by a landscape architect or barred with a gate, la still 
a path over which to drive an automobih , and it has no plaiT m a 
wilderness, even for tlu alleged purpose of fire control Likewise a 
firebreak which can be traveled by an automobile is an example of 
1< tting down the bars I have not scon thf adrmrable one m Wildi r- 
nes8 State Park, but I hope it is too rough for tourist tra\ 1 1 

It is important to remember that roads and wikU messes do not 
mix Neither, m my opmion, do railways, funicular or other, have a 
place m an area which is set aside for wilderness recreational ust or 
advertised as a wilderness area It may Im argued that cable rail- 
ways have been developed to reach many of the world's most awe- 
inspiring points It will be said further that thousands of people are 
thus allowed to see wilderness where dozens would enjoy it other- 
wise, but iH it wilderness which the y see afti r it is so c a-sily jh nc trated^ 
Have they really rc ached a w ildc mess? 

Landing fields, emergency or fully developed, comprise another 
form of construction which shoiihl be excluded from wilderness 
country Of course, landing fields are useful, but for w hat’ To make 
accessible a wild stretch of back country to those who are mteicsted 
in flsring or in anything but wilderness To reach a lightning fire 
with men and supplies lo find lost people All thtse items of use- 
fulness for landmg fields have put tlu wilderness idea m the back- 
ground So the landing field is the third adjunct of quick and 
comfortable transjiortation which no real wilderness can endure 

The inn or hoUd in a wilderness is almost an imi’Kissible mstitu- 
tion without the easy means of transportation which have Ixien 
mentioned — automobile rood, railway, or cableway, and airplane 
landmg field We may therefore pass by the hoU 1 with the observa- 
tion that it miglit iiave a place on the idgo of a wilderness, but not in 
the area itself 

Lest I should be accused of dwelling too long on the obvious, sup- 
pose we consider the fire-observation cabin or the fire tower Surely 
this may be properly placed in a wilderness area, for is not prompt 
and accurate detection an essential of fire control? (Now we begin 
to surrender, for we do not want a burned wilderness ) But wait I 
How are we to see nature at work deetroymg an aged forest by 
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lightning or covering a fire-scarred mountain with a new type of 
vegetation^ There is an ingenious if not a happy answer, and it is 
this By continuing to observe the failures of man in lightning- 
fire control regardless of his detection system and his desperate 
efforts He can still work at ligbtnmg-fire control, but he cannot de- 
prive the wilderness traveler of the exhibit of these titanic scenes in 
nature's plan The fire-observation headquarters may be forgiven 
as on invading item It may, however, be built of native material 
rather than of members which suggest a power line or a village hose- 
cart shed 

Speaking of man's fire control efforts, how is man to control the 
fire set by his fellows? Ihis is a fair question, and it may be an- 
swered by saying Control will come through travel ways such as 
foot trails, horse trails, and canoe routes with occasional unproved 
portages The fact that these single-file routes serve the wilderness 
traveler who seeks out unfrequented places discounts m no sense 
their value as travel routes for fire fighters and patrolmen or as 
narrow cleared stnps so valuable in fire-control strategy They 
must be well located and adequately maintained, however, and their 
importance may justify major structures such as the cable bridge 
across Hamilton Gorge m the back ciiuntry of Sequoia National 
Park, even though these must bo constructed of something besides 
native material So we conclude that fire control alone may make 
trails necessary and appropriate m a wiideniess area In passing 
we may pause to protest agamst the romantic but somewhat ridicu- 
lous tendency to designate major highways as “trails " 

Should a wilderness traveler choose to use saddle and pack stock 
for his trip, the problem of pasture must be faced The cowboys 
have a saying that a man may as well be dead as afoot Well, afoot 
he will 1)6 if there is no pasture or “feed," m the western vernacular 
Sometimes he will be afoot in spite of pasture and hobbles for bis 
ammaJs unless there is a fenced pasture The forage problem sug- 
gests the questions Should nature be allowed to take its course in 
covering meadows with forests or in destroymg them with the action 
of streams? Should fenced pastures be considered appropriate m a 
wilderness area? 

Consider the question of disappearing meadows, which are the 
principal wilderness pastures in many places Forest will encroach 
upon, and natural erosion and flood will obliterate, these meadows 
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The possibility of conservative clearing out of invading trees and using 
them to divert a stream which is depositing gravel on the meadow 
each spring Is not nature’s way Neither is the placing of log dams 
or the planting of willow cuttmgs to forestall a gully wide as the 
meadow itself, nature’s way Yet these developments or man-made 
interferences will hardly destroy the true wilderness character of the 
country, and they may make it tolerable for man’s use The pasture 
fence Is more questionable, but hardly taboo, particularly if it be from 
cliff to cliff across a canyon and constructed principally of native 
material 

There remain the questions of shelter, communication, and sam- 
iation 

Shelters of logs or stone, crudely but substantially constructed 
with three walls and a good roof, may save life Certainly they make 
the life of the traveler more tolerable, and they need not be frequent 
or conspicuous On such a plan they are now used and they are 
justified 

Communication means telephone, and this is essential if a fire- 
lookout sjrstem IS included as appropriate Perhaps recent develop- 
ments in short-wave radio will make telephone lines obsolete If so, 
the scenery will be better without them 

Crude improvements at places where wilderness travelers natu- 
rally camp repeatedly are franklya necessity Even the moat esthetic- 
ally inclined will neglect his tm cans and papers Wild animals will 
clean up garbage pretty well, but a pit, a good deep one, with a bear- 
proof cover, if possible, and a small opening, should be provided for 
cwis Fireplaces, piped water supply, and tables are not appro- 
priate, but the whole spirit of the wilderness will hardly be saenfioed 
if a few flattened logs are available The question of latrmes in an 
unpohoed comp site anywhere is still not satisfactorily answered 
These devices have no place m the wilderness The decency of the 
wilderness traveler will have to be trusted, but from what I have 
seen of his credit ho will be bock to get his note renewed many times 
at the hands of the public Here is a olumce for educating the wilder- 
ness traveler It is not always the novice or the city-bred visitor 
who leaves a dirty camp 

I have not mentioned direction signboards These are appro- 
priate even m a wilderness area if they are neat, legible, not too coib- 
spicuous, uid at all tunes kept in repair 
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Shall we say now that, if routes for power-dnven devices, hotels, 
piped wat« r systems, and latrines are excluded, and if trails, crude 
shelters, fire-lookout stations, pits for cans, occasional telephone lines, 
erosion and fiooil-control devices, pasture fences and direction sign- 
boards art allowed, we ha\ e a wilderness area acceptable for ( xclu- 
si\e recreational use'!’ ;No, but “yield not to temptation “ We are 
looking for work projects to utilize emfrgtncy labor W( try to 
appraise wildemebs recreation values iii terms of a human span of 
hfe, not in terms of the geological periods with which natun deals 
Our zeal to defend the current ciop of resources may prove a boom- 
erang to rob us of what we really want m the wilderntss 

Perhaps we may state a jmnciple of land use The quahties which 
arc priceless in a wilderness recreation area arc threatened by any 
kind of human use Recreational use, because it ministers to the 
spirit as well as the lx)dy, is worthy of encourage ment Others beside 
professional explorers should use the wild* mess for recreational pur- 
poses The mimmum of devdopmtnt in a wildcnuss must include 
those improv ements which allow man to use it with comparativf 
safety to life, but with least modification of natural state 


UwVEBSlTY OF MlClIlOAN 



SOME RESUPINATE POLYPORES FROM THE 
REGION OP THE GREAT LAKES VII 

DOW V BAXTKR 

A MERE catalogue of all known npecies and forms of the re- 
supinate wood-destroying fungi and polypores in the ngion 
of thf Great Lakes offers little help to students of fortst pathology, 
and ( specially of wood pathology, unless d( stnptions of these plants, 
including an account of their variations as demonstrated in culture, 
and a comparison with the known members of this group found else- 
where, can be presented 

It IS hoped that the senes of publications of which this forms a 
part will eventually serve as a guide to the group ^ Keys to the 
common white, cinereous, yellow, red, and brown plants \sere pre- 
sented in Papers III and IV (I, 2) These ktys will be supplemented 
m the near future to include additional mw plants and forms that 
are found in other regions A classifioation according to certain 
growth charactenstics of several of the resupmatc iwlyimns m cul- 
ture and descriptions of several of them followed in later numbers 
The present article reports the results obtained in a continuation of 
the monographic studies 

It was stated in Paper V (3) that the types of growth and growth 
rates offer valuable characters to observe m distinguishmg between 
certain speciea in this group The plants were arranged according to 

‘ Throughout the work upon these monographic studies I am mdebted to 
many individuals and institutions for help and suggestions My appreciation is 
expressed particularly to Professors T G Halle and Gunnar Samuelson of the 
Riksmusoet Naturhistoriska in Stockholm, with whom I have the pleasure of 
association Acknowledgment is due to Professor Torsten l/agcrberg, Skoga- 
hogskotan, Exponmentalfaltet, Stockholm Mr Stth I undi U kindly accompanied 
me on several field tri^is near Uppsala 

I am under obligation to several American scholars also to Dr L O Over- 
holts, who has studied many plants sent to him for determination, to Dr C L 
Shear, of the Offioe of Pathological Collections of the United States Department 
of AgHculture, and to the authorities at the New York Botanical Garden and tbo 
Mismuri ^tamoal Garden 
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their rate of growth * The following resupinate polypores are added 
to these groups 


A BATE OF GROWTH 


Porift Weini from Thuja 
pUoata 

Trametos serialU from 
''WiBOon*ln» • 


Rapid {powih 

Pona mutana var tenuia 
from Castanea dentata 

Poria xantha forma 
craaaa from Pieoa 
glauca 

Potia mcrafaata from 
“building Umber, Mis- 
«Bsippl“ * 


TrameioB maUoola from 
Populua grandidentata 


Slow growth 


Femes nlgrolimitatua 
from "Washington" • 


Pona pereffusa from 
Querous sp 


B RANGE OF TEMPERATURE FOR GROWTH 



targe range 


Pona mutans var tenuis 
from Castanea dentata 


Pona Weini from Thuja 
piicata 

Trametes malioola from 
Populus grandidentata 

Pona xantha forma 
crassa from Picea 
l^auoa 

Form peroffusa from 
Quercua sp 

Trametes seriahs from 
"Wisconsin" • 

Small range 

Poria moraaaata from 
"budding timber, MUh 
sissippi” * 


Fomea nigrolumtatus 
from "Washington” • 



* Rearranged from data presented by Humphrey and &gger« (S) Medium 
consisted of dikiHed water, 1,000 o o , Trommer's malt extract (j^aln), 25 gr , 
a^ar-agar (Bacto, granulated), 20 gr 


The terms in this classification are defined In Papers V-Vl of this series 
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C TEMPERATURE FOR BEST GROWTH 


High imtperaiure 

Form mutans var tcnuiB 
from Castaneft dentata 

Poria iucrassata from 
buildmg timber, Mib- 
Biaaippi" • 

Average temperature 

TrameteB malioola from 
Populus grandiden* 
tata 

Poria Wciru from Thuja 
plicata 

Trametei Berialis from 
“WUconain” • 


Fona pereffuBa from 
Quercus ap 


Pona xantha forma 
crasaa from Fioea 
glauoa 


Low temperature 

h omes nlgrolimitatuB 
“Washington” • 


D EFFECT OP LIGHT 


Poria mutans var tenuis 
from Oanea tasdentata 

Trametes malioola from 
PopuluB grandidentata 


deaf growth tn liark 

Poria Weim from Thuja 
plicata 

Pona pereffuaa from 
QuercuB sp 

Poiia xantha forma 
orasBa from Picea 
glauea 


Data on color characteristics, texture, effect upon the agar 
medium, and rate of growth m the dark and the light have been pre- 
sented for several resupinate polypores (2, 3) The growth features 
for additional plants are given in Table I and are illustrated m 
Plate XXX. 

nSBCBlPTtON OF THB REBUPINATB FOLTPORB8 

The morphological characters of the majority of the resupinate 
polypores have been studied in the material In vanous European and 
American herbaria The plants, however, which are to be found in 
* dee the explanation of the aateriak on the preceding page 
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Cultures grown at room temperature 
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my own collections from this region and from other sections of North 
Amcrua form the basis for most of the dcsonpt loiw which follow 
The records of habitat and distribution rcport(<i in this paper have 
been established, for the most part, from my own (olleitions They 
have been supplemenUd, however, by data obtairud from authtntu 
specimens found in \anous herbaria and from authentic published 
accounts as noted m Paper V 

Poria rorhcola (Fr ) Cooke, Gievillea, 14 IIH 1886 

P<dyporu» corticola Fr Syst My« I 3S5 1821 

Polyporus anetrxnus I r non Somm in Romell, Arkiv f<ir Botamk, U 21 1911 

Fructification annual, effused for ten centimeters or more, but usually 
much less, not st parable to separable when matun , margin white, 
thin, pubeseont, 0 5-2 nun wide wh<n young, remaining sterile 
and often becoming mcinbranous or fertile in mature plants, 
subiculum thin, white, ineonspicuous, less than 0 5 mm thuk, 
tubes unstratified, 0 5-4 mm long, usually shallow, mouths white 
when fresh, '‘rlnnamon-buff” in horbaniun specimens, frequently 
glistening, angular, thm-walled, entire, or sometimes becoming 
dentate-lacerate, 2-5 per mrn , and usually 2-3 per mm , basidia 
4HSpored, 5-6 X 11 ju, spores ellipsoid or oblong>ellipsoid, hya- 
hne, smooth, frequently adhering in groups in microscopic mounts, 
4-5 5 X 3-3 5 1-guttulate, hyphae fltxuous, simple or selelom 
branched, often incrusted, 2-4 p in diameter, occasional eross 
walls, no clamp connections, large conspu nous cystidia usually 
present, which often nse deep m the trama, me rusted, 3 7x11- 
27 (55) p or smaller capitate organs 7 X 4 ^ or both types of struc- 
tures present 

Alhed species — Old long-tubed specimens of this species dry some- 
what m the same manner as Porta ambtgua — and may actually 
show a striking resemblance to that specie s 
The long-tubed forms seldom occur in the United States, but 
are not uncommonly found in Europe, wlu*re' the plant is often 
effused over much gre'ater surface areas (16 feet or more In 
length) than I have ever seen it m America The cystidia of P 
cortieola can be used to separate it from P ambtgua 
P tftetnoBres is also described as having large capitate cystidia 
The spores of this species, however, are oblong, subelhptic, 6^ 
X 3 5-4 p (Bres ), whereas those of P corttcola are 4-6 5 X 3-3 5 p 
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Habitat — Acer negundOt Fagus ep , Linodendron tuliptferat Popitlua 
acumtnaiat P delioides^ P (remulotdeSf P tnchocarpat P Sar^ 
gerUiit Salix ep Abo reported on Thuja pltcata (10) 

Dtstnhution — British Columbia, Manitoba, Nova Scotia, Ontario, 
Saskatchewan, Colorado, Idaho, Iowa, Maryland, Missouri, 
Montana, New York, Ohio, Pennsylvama, South Dakota, Ver- 
mont, Virgmia, Washington, West Virginia, Wisconsin 

Pona lenia Karst m Sacc , Syll Fung , 6 313 1888 

Pona calcea (Ft ) Bwm var conacea Bourd & Gab , Hymen Fr , 674 1917 

Polyporus vuJgans Fr pro parte aenau RomeU, Svonsk Botsmsk Tidskrift, 20 20 
1926 

Polypomt vulffarts Fr var calcw pro parte senau Bresadola, tn European herbaria 

Potyporvt Unu Karst sensu RomeU, Sveusk Botanisk Tldskrtft, 20 20 1920 

Plate XXXI 

(See PI XXII of Vol XV, facing p 228) 

Important specimens 

PhyMpona Umt Karst on Pinus stZmlrts, Muatiala, Fmland P A Karsten, 

Herb Bresadola, Stockholm 

Polyporua vulgaru Fr var coiceo pro parte sensu Brosadola Herb Bresadola, 
Siookholro 

Polyporua lema Karat sensu RomeU, Salt8j6-I>uvnSs, Sweden Herb Mycolog 
Lara RomeU, Stockholm 

Fructification annual, sometimes living through the entire year, 
whitish, soft to the touch, light in weight, widely effused, gener- 
ally about 0 5 meter, but often up to 3 meters or more, up to 3 mm 
thick, usually leas, margin white, sterile, pubescent, up to 2 5 cm 
wide or soon beoommg fertile, subiculum white, 0 5 mm or less 
m width, tubes 1-2 mm long, mouths white to **pinkbh buff” 
and “ivory yellow,” 3-4 mostly 4 to a mm , angular, dissepi- 
ments thin, fimbriate, basidla 10-14 X 3-6 spores allantoid, 
so strongly curved that a half of a circle is formed, 3-5 X 1-2 
(1-1 5 byphae undulate, 2-4 p, wide, often incrusfced, clamp 
connections and cystidia not found 

AUud apeetes — Because both P lems and P sertcso-mollts are 
described as soft white plants, it is well to emphasise the fact that 
the spores of P lent* are very strongly curved Herbarium speci- 
mens of P lenia do not usually crumble, but remain somewhat 
tough and leathery P ser»ceo-moUM easily crumbles between the 
fingers None of the many collections of P lema examined show 
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reflexed margins, a habit which is characteristic of the dned spec- 
imens of P eenceo-mollta 

It IS more difficult to separate P vulgana from P lents because 
of the many interpretations given to the former plant Romell 
(11) has called attention to the fact that this tViesian name covers 
several distinct species These species arc kept separate in this 
text, and the name P vulgane Fr is retamed for the first of the 
following senes 

(1) P vulgarta Fr — This plant can be found as P biguUula m 
Romell ’s Herbarium It is designated by Romell himself, however, 
as the preferable one to be regarded as P vulgans This mterpre- 
tation of the species, as Romell has pointed out, is the same as 
that known to have been used by Peck for American collections 

(2) P lents Karst — The plant is described in the text under 
this name The spores in this plant are strongly curved 

(3) P hysstna Pers — - Romeirs mterprctation of this plant is 
followed m the text P byssinc Pers setmt Romell is the same 
species which Bresadola has called P vulgans Fr {sensu sirtdo) 
Macroscopically, it resembles a white form of P eupora The 
presence of cystidia in P eupora will, of course, rtadily keep these 
two plants apart 

(4) P xaniAus sensu Lmd — This is the Pol vulgans of Romell 
in his Hymenomycetes of Lapland ^ but he later called it Pol 
xanthuB The spores are not usually guttulate in the fresh P 
xanihus The sulphureous color of the tubes of P xantha may be 
used also as a supplementary character to separate the two species 
in typical collections 

Habtiat — Abiea bedsamea, A grandts, Chamaerypans nootkaterms, 
Ptcea glaucct P Bitchensts^ Pxnus contortot P rodto/a, P restnoaa, 
P strohusj P taedOf Pseudotsuga taxtfoha, Seqitota sempemrens, 
Taxodtum dishchumf Thuga occidenlahSf Tsuga catutdemxSf T he-- 
terophyUa 

DiBtnl^ton — British Columbia, Ontario, Alabama, Alaska, CaU- 
fomia, Florida, Idaho, Massachusetts, Michigan, Montana, New 
Hampshire, New Jersey, New York, North Carolma, Tennessee, 
Vermont, Virginia, Washington, West Virginia, Wisconsm, 
Wyoming 

Occurrence — P lents is very common on white pine and hemlock m 
the east and in the region of the Great Lakes 
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III Alaska it is found on ChanvaecypariB nooikaienna It ooours 
so abundantly on tbjs wood on Baranoff Island that it is con- 
sidt^red to bo ono of the most common funKi ftiund on this timber 
SiiKi comparatively ftw fungi attack this wood, it is unusually 
interesting that this plant is so common on this tree and that it 
HO often extends over the entire length of fallen trunks In resist- 
ant t to decay tht heart wood of Chamaecypans nooikaUnsxa is 
ranked with Port Orford cedar, western red redar, redwood, and 
Houtht rn cypress (9) 

Bald cypress, listed among the “viry durable” woods (12), is 
also a substratum I have made largf (ollections of this fungus, 
ordinarily considered a northern one, on Taxodiuni dtsitchum m 
the Big Gum swamp of nortluin Florida 
Porta leni^f is also common on white spnicc in thi forests of the 
int( nor regions of Alaska In fact, 1 have found it in great quan- 
titicH on logs of Picfa catiadenva in the open forests along the 
Toklat River in Mt Mt Kinky National Park 
Deray - Decayed wood infected by this fungus is eharaetenzed by 
the abundant occurrence and topious growth of white, woolly 
hyphao, which spread over the surface and fill the cracks in the 
rotten wood The my ct hum grow s between t he annual ring lay c rs 
The dried wood is very light in woigJit In tangential section the 
wcK)d appears to be finely honeycombed with narrow, irregular 
pockets, which follow the grain These poeke ts may be micro- 
scopic , measuring 61 X 37 p ot smaller up to macroscopically 
visible areas 25 mm long and mostly 0 6-1 0 mm wide The 
pockets are formed by the bre aking down of oiu to five or some- 
times more tracheal walls The thin-walled and sparsely sep- 
tate-branched mycelium usually fills these areas and forms mats 
or wefts, which may be seen by the unaided eye 

Porta papyracea (Schw ) Cooke, Grevillea, 14 111 1886 

Boletus papyroceus Schw , Naturforsch (ic« Ix'ipaig Sohnft , 1 ft9 1882 
P barh^fermu Bark & Curt 

(See Pi XIX, I, of Vol XV, facing p 228) 

Fructification annual, 1 mm thick or less, appearing in orbicular 
patches, usually about 2“3 6 cm long and rarely longer than 6 cm , 
0 6-2 cm wide, margin white, pubescent, sublculum less than 
0 3 mm thick, white, tubes less than 0 5 mm long, mouths white 
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to ** pinkish buff” m dried specimens, angular, 2-3 mostly 2 to 
a mm , dissepiments rather thick, entire, basidia 4-sporetl, 
6 X 8”10 /i, spores cylmdne, hyalme, echmulatc, 11-15 X 6-9 /Lt, 
hyphat occasionally branched, no cross walls evident, no clamp 
connections, mostly 3-4 p in diameter, no tystidia 
Allied species — This species is not readily confused with any other 
resupmate polypore The broad, elongate, and striated or cchmu- 
lat< spores enable one to distinguish this plant 
Habitat — Chamaecypans thyoidetf Thuja occidentaUSf Vitus sp 
Disinhutton — Alabama, Kentucky, Maine, Muhigan, Minnesota, 
New York, North Carolina, Virginia, Wisconsin 
Occurrence ~ This plant, once supposed to be rare, is not uncommon 
m northt rn Michigan on Thuja occtdenlahs, the largest collections 
have been made on the islands in the northern region of the Great 
Lakes 

Pona punctata Fries, Hymen Eur , 572 1874 

PoTKi Fnestana Bits , Ann Myc 6 40 1908 
F<m\i%p<*na lamiMta Murr , North Am FI 9 11 1907 
Fomitporta chltquiformts Murr , North Am FI , 9 9 1907 
Pona laminaia (Murr ) Baer A Trott , SyUogc Fung , 21 336 1912 

PlttUi XXXII, figure 1 

(See also PI 11 of Vol VI, facing p 76 and PI IX, Fig 2, 
of Vol XIX, facing p 332) 

Important specimens 

Porta Fnestana Brea on Sahx ««cr(jo, from Bourdot Herb Bresadola, Stockholm 
FomiUpona laminata Murr on Aiwa sp , W A Murnll, Piscataquis Co , Maine, 
1906 Herb New York Botanical Garden 
Fomiitpona bbliqut/ormu Murr on hardwood logs, A P Morgan 30, Cmcmnati 
Herb New York Botanical Garden 

FmctificAtion perennial, effused for several centuneters, adnate and 
never loosening from the substratum, often cracking on drying, 
0 5-10 mm thick, margin narrow, 0 5-1 mm wide m young speci- 
mens and mostly disappearing in old plants, subiculum thm, 
largely disappearing with age, tubes 0 5-3 mm long each season, 
soon stuffed with whitish mycelium, mouths ”wood brown,” 
“antique brown,” round, thick-walled, entire, averaging 4 7 
mostly 5 to a mm , dissepiments 44-99 p, basidia inflated 7-8 
X 9-13 Pt mostly 7 X 9 i e almost as wide as long, hya- 
lme, 2-4-spored , spores hyaline, <unooth, globose or subglobose, 



252 


Dow V Baxter 


1-guttulate, 5-6 /i, rarely 8 Mi setae absent i osrstidia^hke hyphae 
with enlarged or bulbous bases projecting from the hymenial sur- 
face, hyphae brown, flexuous, rarely septate, no clamp connec- 
tions, cross walls visible, 2-4 in diameter 
Allied speaee — P punctata is difficult to distinguish from F ig- 
manus var Umtgaiue Setae are not found in P punctataf but 
they occur in F tgntanue var laemgaiuSt though they may be in- 
frequent even m this plant 

CuUurea — Isolated from Rhue toxicodendron, Pinckney, Michigan 
Cultures exhibit a flocculent aerial mycelium, distinctly cottony 
m appearance Twenty-four-day-old cultures are cream-buff*' 
to Isabella color ” See Paper V (3) of this series for further dis- 
cussion of the growth characteristics 
Remarks — The fruiting bodies, unlike those of many resupinate 
poiypores, are commonly found on standmg dead wood 
Habitat — Acer ruhrum, A saccharum, Alnus sp , Asimtna tnloba, 
Berherts vulgans, Buzus sempervtrens, Castanea dentata, Cerczs 
canadensis, Corylua aveUana, Fagus grandifolia, Fraxinus amen- 
cana, F samlmciSolia, Juglans ctnerea, Kahma lahfolia, Inquid- 
omhar Styracifim, Osirya nrginiana, Physocarpus opulifcltus, 
Populus tnchoearpa, Quercus rubra, Q virginiana, Rhus vemix, 
Rcbirna pseudoaccacia, Salix amygdalotdes, Sassafras sassafras, 
Tilta amencana, Toxylon pomiferwm, Viburnum kntago, V prunt- 
fclium 

Dt^ributton — Manitoba, Nova Scotia, Ontario, Quebec, Alabama, 
Arkansas, Florida, Georgia, Illinois, Indiana, Iowa, Kansas, Ken- 
tucky, Louisiana, Maine, Massachusetts, Michigan, Minnesota, 
Mississippi, Missouri, Montana, Nebraska, New Hampshire, 
New York, North Carolina, North Dakota, Ohio, Pennj^lvanla, 
Texas, Vermont, Virginia, West Virginia 
Occurrence — One of the most common poriaa of the region 
Decay — Wood destroyed by this fungus becomes whitish as it dries 
out Although the mycelium may be found in all the elements of 
the rotten wood, the hyphae do not occur abimdanUy in the badly 
decayed areas, which are not directly beneath the fruiting body 
The mycelium m the wood consists of small hyalme hyphae, 
which branch freely Most of the hyphae measure 1-2 fs wide 
Brownish deposits, “decomposition products," are to be found 
in the wood decayed by this fungus. 



ResuptnaU Polyporea 


253 


Polypmia flamcana Karst 

Fciyporu$ niUdu* Fr pro parte in herb not unpublished photograph 
Plate XXXII, Figure 2 

Important specimens 

Poriaylatncant Karst on Picea acoeisa prope Knstianism, Herb Bresadola, Stock- 
holm 

Pciypcrtia (Pma) JUmcam Karst on Ptcea exceUc^ det Komell (Porta crasta 
Kant , det Bresadola), Norwegen, HolmenkoUen, 1909 £x Herb J Kge- 
land, Herb Myoolog Lars Romell, Stockholm 
Pom fiancana Karst on Ptcea excdea, Norwegen Krlstiania, 1909 Ex Herb J 
Ggeland, Herb Myoolog Lars Romell, Stockholm 

Fructification annual, effused m patches usually extending about 
15 cm long, up to 4 mm but mostly 2 5 mm thick, margm 
narrow, appresaed, fimbnate, mostly 0 5 mm wide or less, often 
becoming fertile, subiculum less than 03 mm , “lyory-yellow”, 
tubes often obUque, not stratified, with fragile walls, 0 5-4 mm 
long, mouths angular, cream-color,^^ “Naples yellow” to “mus- 
tard-yellow,” 1-4 mostly 1-3 to a mm , dissepiments dentate- 
lacerate, at tunes becommg somewhat translucent, but not 
conspicuously so, averaging 78-300 m thick, basidia 11 X 3 
short-cyllndrlc or allantoid, often 2-guttulate, 3-6 X 1-1 5 (2) /u, 
spores hyphae septate, 2-6 p, soft, fibulate, mcrusted, cystidia 
present, capitate or appeanng as ends of projecting mcrusted 
hyphae, averaging 11-22 x 2-7 p, heads mostly 5 6 X 3-4 m 
AU ted apectee — ' This plant is allied to Polyporua sencso-mo^hs, from 
which it differs chiefly m color characteristics The spores are the 
same Dnod plants of Pol flavtcana remain adnate to the sub- 
stratum — a growth habit which does not always hold for the 
former species Of the yellow plants Pol flavtcann is more fragile 
than Porta zanthaj and differs further in that it has fibulate 
hyphae and Isolated dissepiments In some plants, too, there is 
more of a tendency toward a translucent condition of the margm 
and where the tubes are bruised than can be found m Porta xantha 
Habitat — Ptcea engdmanmt, Ptnua ponderoaa, Tauga heterophyUa 
Distribution — British Columbia, Idaho, Montana 
Oocurrance — This is a rare plant m North America The name, 
however, has been used for other species 
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Pona anetnna Somm non Fr an Sacc , Syll 
Fung, 6 314 1888 

PolffporuM anetnnus Somm non Fr in RomcU, Arkiv fdr Botanik, U 21 1911 

Polyjn>ru8 9 «‘enus Karst , ex Romell, Arkiv f5r Botanik, 11 21 1911 

Hate XXXIII, Figure 2 

Important apocimena 

Boletus maeer Somm on Populut sp, fragment type Herb Somm, Herb 
Bresadola, Stockholm 

Phyttsporua aerenua on Populua Iremulct Mustiala, Finland £x P A Karaten, 
Herb Bresadola, Stockholm 

Polyporua anetnnua on Populua ap Blytt*$ Herb , Riksmuaeet, Stockholm 

Polyporua aneirtna Somm on PopiUua (remulai Pren6ow Leg Andr Kemet 1889 
Pol aeronua Karst , Herb Bresadola, Stockholm 

Polyporua ftdveaeena Brea , n ap , on Populua (remtda, Andr Kemet , 1892 
Herb Bresadola, Stockholm 

Polyporua anetnnua on Populua tromula, Saltajd-Duvan^, 1913 Herb Mycolog 
Iats Romell 12709, Stockholm 

Polyporua anevrtnua on PopvXua Iremula, Nacka, 1914 Herb Mycolog Lars 
Romell 12710, Stockholm 

Polyporua anamnua LaubboU, SaltsjO-Duvnlls, 1922 Herb Mycolog Lars Ro- 
mell 12712, Stockholm 

Fructification annual, remipinate, drying somewhat brittle or ensp, 
and becommg resinous, usually growing on decorticated wood in 
limited areas up to 1 cm or more, but mostly in elongated patches 
8 mm or less m length, up to 1 mm thick, drymg to 0 5 mm or 
less, usually not crackmg upon drymg, but occasionally breakmg 
up or away from the substratum m small sections as if eaten by 
insects or at least becoming somewhat irpiclform m age and m 
herbanum specimens, margm tomentose, less than 0 6 mm wide, 
'^pale olive buff," soon becoming fertile, tubes often oblique, not 
stratified, 0 6-1 mm and mostly less than I mm , mouths buff 
drymg to "cinnamon-buff” to "tawny,” and most frequently 
seen to be "tawny,” angular 1-2 to a mm , dissepiments be- 
coming irpiciform, thin, baaidia 21 X 3-4 /i, spores hyaline, 
subglobose, angular, 5-6 X 3-4 (56x4), incrusted pegs 13-18 
X 4-8 /ji, hypbae incrusted, cross walls occasional, clamp con- 
nections present 

Allied epectee — Plants which dry to "russet,” “ochraceous tawny,” 
"antique-brown,” or "cinnamon-brown” and exhibit a "light 
buff” margm are readily confused with Pol reetnascene Romell 
(PI XXXIII, Fig 1) The spores of Pol annrtnue are mostly 
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5 6 X 4 /i, whereas those of Pol resinascens are narrow, i e 
4~5 (7) X 2 2 5 (3) ju (Romell) 

Pol afietrtnus Somm non Fr may be confused sometimes with 
P sinuosa^ especially old plants The spores of the former are 
subglobose, those of P mntioaa arc cylindrical or allantoid, 4 6 
X 1-2 M 

Habitat — Populus delUndts^ P tremuloxdes^ P inchocarpa^ Sahx sp 
Dxstrihdxan — Ontario, Colorado, Idaho, Illinois, Minnesota, Mon- 
tana, New Mexico, South Dakota, Wyoming 

Poria xantha (Fr ) Lind forma crassa 
Porta eroMa Kawt non Fr in European herbaria 

Plate XXXIV, Plate XXXV, Figures 1-2 
Important specimens 

Porta crassa Karst , Mustiala, 1 inland Leg P A Karsten, 1872 Ex Herb 
Karsten Herb Mycolog Lars Romell Stockholm 

Fructification perennial, broadly effused sometimes for a distance of 
1 meter, whitish or yellowish, 3 to 10 mm thick, often exhibiting 
checks and cracks m the fruiting stnicture, becoming friabk and 
dustmctly chalky m old dried plants, margin 1 to 2 mm wide, 
arachnoid to pubescent, later becoming fertile, “pale olive buff 
subiculum indistinct, fusing with the base of the tubes so as to 
be mdistinct, chalky, tubes indistinctly stratified, frequently as 
much as four layers, the old layers white and the newer layers 
white or yellowish, 3 to 8 mostly about 4 mm long each season, 
mouths subangular, mostly 4-6 to a mm, “cream-buff'^ to 
** chamois dissepiments thin, slightly fringed, basidia 9-11 
X 5 p, spores cylindrical, smooth, not strongly curved, often 2- 
guttate, 4-6 X 1-1 5 /x, no clamp connections observed, hyphae 
brittle, mostly 2-4 p m diameter, sometimes incrusted 
Allied Bpectea — This pona belongs to the P vulgana form senes 
See discussion presented under P lenxs 
Karsten referred thick specimens of his P xarUha to P crassa 
The limits of the species and the form arc arbitrary and might 
very well be disregarded, but it is believed that this name crassa 
will prove to be a convenient one to use m designating a form which 
occurs so commonly m the field Measurements of numerous 
collections determined by Romell indicate that the specimens of 
P xantha are almost invariably under 2 6 mm m thickness, and 
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none of them are aa much as 3 mm This arbitrary limit is re- 
tained for convenience m usage, even though it is held that one 
IS simply a thick form of P xaniha Specimens can be found 
which show a range m thickness from that 'Hypicar' of P xantka 
to P xantha forma crassa 

These old thick forms may be difficult to distinguish from pos- 
sible resupmato forma of Pomes offictnoltB Fr , which is also veiy 
common on standing Douglas fir and western larch, and so often 
on snags and fire-killed timber in the western forests The two 
fungi can readily be separated, however, by their spores The 
spores of F officinalis are 3^4 X 4*-6 whereas those of P 
xantha forma craeaa are allantoid, 3 5 X 1 ju The poria is 
usually lemon-yellow when fresh and fades with age, while the 
pore surface of F officinalis is white when fresh and often becomes 
yellowish upon dr 3 ring Both fungi are bitter to the taste 
Cultures — Isolated from Picea glauca, Igloo, Mt McKinley 
National Park, Alaska The chief features of this fungus m cul- 
ture are presented in Tabl< I The colors of mycelium in culture 
are similar to those produced m the fruiting bodies in nature on 
wood An area of appressed growth surrounding the inoculum 
and bordered by fluffy cottony mycelium is characteristic of this 
fungus Pore formation takes place in 37-day-old cultures 
Habitat — Lanx ocmdentaliSf Picea engelmannity P glaiica, Pinus 
coniortaj P scAirw/u, P lambertianaj P palustnsy P ponderosay 
P radiata, P strobus, Pseudotsuga tanfoliaj Tsuga mertensiana 
Dutrtbuiion — British Columbia, Alaska, California, Georgia, Idaho, 
Massachusetts, Michigan, Mmnesota, Missouri, Montana, New 
Mexico, Oregon, Vermont, Washington, Wisconsin 
Occurrence — Although this plant is found m the region of the Great 
Lakes and elsewhere in the east, it is most common in the Rocky 
Mountain region and in the forests of the Northwest In Alaskan 
forests I have found that it occurs abundantly It is common on 
fire-charred stumps of Ptnua contorta m the Tongass National 
Forest, and it is widely spread on burned logs and fallen spruce 
trunks (often covering several feet of their wood surface) m the 
open timber types of the interior, especially in the region of Mt 
McKinley It is equally common in the Yukon Territory 
Decay — In the advanced stages of the decay caused by this fungus 
tl^ wood becomes a brownish red, and breaks up into cubes that 
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can readily be crumbled between the fingers The fungus does 
not, however, form conspicuous mycelial felts in the cracks of 
the wood, as m timber decayed by Pomes offinnahs and Pol aul- 
phureus The whitish mycelium found in such areas becomes 
chalky and la never so conspicuous as it is m the wood decayed 
by these two last-mentioned fungi 

Porta xaruka (Fr ) Lind in Romell, Svensk Botanisk 
Tidskrift, 20 20 192b 

Porta vul^artir var luteo-alba Bros , Kmot , 86 

Porta luieo-atba Karst in Saoo , 6 209 1888 

Polpporus $eUeta Karst T aensu Komell, Arkiv fCr Botanlk, 2 25 1911 

Polj/porus Jlavtu Karst 7 sensu Homell, Arkiv f6r Botamk, 2 25 1011 

Polffparus trulffarts var calceua Fr sensu Romell, Svensk Botanisk Tidskrift, 
20 21 1926 

(Soo PI XX of Vol XV, facing p 228) 

Important specimonB 

Phj/naporut vtielltnus Kami on Alnus Bp , Mustiala, Finland P A Karston, 
Herb Mycolog Lars RomaU, Stockholm 

Phj/itBporUB luteoalbus Karst , Mustiala, Finland P A Karsten, Herb 

Mycolog I^rc RomcU, Btookbolm 

Phj/BtBptruB ciUceuB (Fr ) var JUwuB^PolppcruB aeleciUB Kf r«t on pine, Mustiala, 
Finland Herb BitiadolB Stockholm 

PolpporuB xanihuB I>r ong exemp Fn«i , F emajO Herb Breeadola, Stockholm 

Fructification annual or iierennial, broadly effused up to 60 cm or 
more, 1-2 5 mm usually 1 mm thick, whitish to sulphureous 
and at least sulphureous within the pores, sometimes exhibiting 
checks and cracks m the fruiting structure of the thicker speci- 
mens and such plants becoming somewhat friable and chalky in 
age, separating readily from the substratum when fresh, and m 
the powdery forms readily crumbling away, margin white, pubes- 
cent to arachnoid, 1 ram wide m young specimens but becoming 
fertile soon, so that in most collections the pubescent margin is 
absent, aubiculum thm, mostly less than 0 5 mm , tubes in one 
layer or often mdistlnotly stratified, usually not more than three 
layers in typical plants, 1 *2 mm long, mouths whitish, pinkish 
buff,*' but mostly *‘ivory yellow," to “Naples yellow" to “oo- 
Uaiial-buff," 4-5 to a mm , dissepiments rather thick, basidia 
9-W X 2 5-6 M, spores allantoid, 4-6 X 1-1 6 p, not strongly 
curved, nonguttate, hyphae undulate, brittle not fibulate, some* 
time* incrusted, seldom septate, 1-4 mostly 2-A p in diameter, 
no damp connections 
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AUted speaes — The yellow Pol flamcansj which is not common m 
North America, is much more fragile than P xarUka The first 
species suggests a yellow Pol scncso-tno/Zis and, m habit of growth, 
does not grow extensively over the log surfaces 
Remarks — Collections of Swedish specimens of P zarUhaj when 
fresh, are whitish to “ivory-yeliow " The color Is retained for the 
most part after dr 3 ruig In the ongmal specimen (Femsjd, Fries) 
the mouths are now brown “clay color,” rather than yellow, 4-6 
to a mm , tubes up to 1 mm long The fragment is too small to 
examine microscopically, but notes on the packet — probably 
made by Bresadola — state spores? 6-6 5 x4 6-5 5 p It is to 
be observed that these measurements do not fit the description 
presented here, but since it was apparently doubtful whether the 
spores belonged to the ongmal specimens m question and since 
It 18 impossible to make additional me^uremente, it is believed 
that the spores from collections now called P xatUha in Sweden 
(senau Lmd ) should be mterpreted as belonging to that species 
Phyatsporus tnieUtnus Karst is a somewhat chalky plant, 0 5 mm 
thick , mouths 4 to a mm The characters are those of P xarUha 
Habitat — Abtes haUameaf A grandis, Chamaecyparts laweontana, 
Lanx lamanat L ocetdenkUiSf Ptcea glaveat P engelmanmtf P 
a»fc/tenst«, Ptnus contoTia^ P morUtcola, P ponderosa, P afro&us, 
Pmidoteuga taxifolta, Saltx ep , Seguota aempemrens, Taxodtum 
tmbneanumf Thu^a pUcaia^ Tauga canadeims 
Disiributton — Alberta, Bntish Columbia, Manitoba, Newfound- 
land, Nova Scotia, Ontano, Alaska, Ansona, Cahforma, Idaho, 
Maine, Massachusetts, Michigan, Minnesota, Montana, New 
Hampshire, New York, North Carolina, Oregon, Pennsylvama, 
South Carolina, South Dakota, Washmgton, Wisconsin 
Occurrence — Porto xantha is found frequently on charred logs and 
stumps on bumed*over areas It is especially common m the north- 
ern forests and in the western and northwestern forest regions 
Decay — Brown cubical rot 

Importance — In a survey of eighty Canadian paper mills Pona 
zantha was found to be one of the three species of fungi which 
attack null roofs Blair (5) reports “There is no evidence that 
other species of fungi thm those mentioned in connection 
with cotton mill roofs, Lenhntut tignnue, Lenztiee trabea, and Pona 
xantha, cause these losses '' When the roof of a paper xmU is 
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built of wood, the moisture in the air permits tht development of 
the fungi It IS reported that rapid rotting takes place and that 
it IS often necessary to renew the timber after six or eight years' 
service Moisture enters the spaces between the planks and 
reaches their upper side, where it condenses and causes a moist 
condition of the planks durmg prolonged periods 

The use of wood which resists decay, ventilation which carries 
away the moisture, liberal dry-air heating, and a heat-insulating 
layer placed on the upper side of the planks are suggested as 
remedies 

Twenty-four weave-shed roofs of cotton mills, nearly all m New 
England, were also found to be badly decayed and, apparently, 
from the same cause (4) * Of this lot, m only two (which made 
leas than one per cent of the total area) was it found that trouble 
was not bcgmnmg to show m less than six or eight years Re- 
ferring to the prevention of this decay, the author states that a 
safe roof can be made of two thicknesses of plank separated by 
three layers of tarred paper The inner plank is of high grade 
matenal, while the outer one is of inferior wood, mostly sapwood, 
which has received preservative treatment A tar-and-gravel 
finish is then put on 

Pona antbigua Bres , Atti Accad Rovereto, III, 

3 84 1897 

(8oc Pl« XVII and XVIII, Fig 1, of Vol XV, facing p 228) 
Important specimen* 

PolypoTM (Porta) amingua Bros , n sp , on Kobuiia Leg Bresadola, 1894 
Herb Bresadola, St^holm 

Porta ambtgua Bres forma , Lmwood, Ohio C G Uoyd Herb Bresadola, 
Stockholm 

Fructification annual, effused m patches up to four or five meters 
long, on logs and stumps — usually on the top and the sides of the 
wood, a habit which is conspicuously different from that of most 
of the porias— inseparable, up to 10 mm thick, snow-white 
when fr^ and remaining white or dirty white, “cartndge-buff'* 
or "cinnamon-buff" m herbarium specimens, margin pubescent, 
white, or "ivory-yellow," sterile, 1 to 2 5 mm wide, often die- 

* Femes oj/leinaltt is mentioned, but according to the author's second aoeoupt 
one jear later this fungus was apparently confused with P «an<h<i See oomments 
Wkte "alUsd apeoies" in the discussion of P xontha forma croeia* 
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appearing m age, subiculum inconspicuous, 0 3-1 mm , white, 
concolorous with the tubes, tul>es 2-5 mm long, unstratified, 
sometimes appearing as conical structures, mouths angular, 
thm walls, dissepiments finely fringed, averaging 1-3 per mm , 
basidia 11-18 (40) X 4^7 /u, 4-sporod, spores produced abun- 
dantly m almost all stages of development, and can be seen to bo 
abundant even in old specimens m the herbanum, obovate, ellip- 
soidal or oblong, 4-6 X 3-3 6 cystidia not present or incon- 
spicuous m most plants, but rarely crystalline-capitate cystidia 
are found, sometimes measuring 10-18 X 4-8 Mi tramal hyphao 
simple or branched, very wide and thin-wallcd, 3-6 and mostly 
3-4 M diameter, cross walls occasional 
AUted spectee — Old long-tubed specimens of P coHtcola sometimes 
dry so as to suggest P ambtgm This state” of this plant is 
seldom found in North America, but it is not uncommon to find 
it m northern Europe The conspicuous cystidia of P coriicola 
separate it from P ambtgtia 

Young specimens of P ambtgm may also suggest P aemiitnda 
The short tubes of P smthnda, usually not more than 0 5 mm 
long, and the short-cyllndnc spores of that species readily separate 
it from P ambtgm 

Irpex tuhptfera m the resupinate state resembles P ambtgm 
somewhat The abundance of spores to be found in P anibigua 
and the absence of conspicuous mcrusted cystidia in Irpex iuhpt- 
fera are features of diagnostic value used to separate the two when 
the latter fungus is found in a resupinate condition 
Remarks — Specimens m the herbanum are exceedingly liable to be 
attacked by insects, and special care is required to keep one's 
collection of this species from being destroyed 
Hebtioi — Acacia hatleyana, A longtfoltat Acer rutrum, Amdanehter 
canadensis, Beiula lutea, CeUts occtdentalxst C rehculata, Fagns 
grandifolta, Fraxtnus ntgra, Oledtisia tnacanikos, Htcana ova/ta^ 
Juglans ntgra, lAqatdambar dyraciflm, Nyssa aquoHca, N diflara, 
Magnolia vtrgtnvma, Populus grandxdeiniQJta, Plumbago sp , Ltgtis-' 
tnm sp , Pyrus malus, Quercus alba, Q bteohr, Q tmbrtoana, Q 
tmchauxit, Q mgra^ Robtnta pseudo-acaciOi Saccharum officinarum, 
Sakx ntgra, Sclanum tnguetrum, Ulmus amencana, C/mbeUtdana 
edlifomtca 

Disiribuhon. — Nova Scotia, Alabama, Arkansas, CaUfomia, District 
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of Columbia, Florida, Georgia, Illinois, Indiana, Iowa, Kentucky, 
Louisiana, Maryland, Michigan, Mmnesota, Missouri, New York, 
North Carohna, North Dakota, Ohio, Oregon, Pennsylvania, 
South Carohna, Texas, Virginia, Washington, West Virginia 
Occurrence — Common throughout hardwood forests, and especially 
in bottom lands subject to overflow This pona is the most com- 
mon polypore to be found on the logs, snags, and dead, standing 
bottom-land timbers throughout the Mississippi River flood lands 
It is nearly certam to be found m almost any of the swamps of the 
South from Florida westward It appears abundantly on fire- 
injured or killed elm, maple, and black ash, withm two to three 
years after the death of the trees, even though it may seldom occur 
In such a type before the forest fire 
Importance — On superficial exammation this plant might be mis- 
taken, accordmg to Fawcett and Lee, for the cottony rot fungus 
of citrus trees, Sclerohnea hberitajia (7) It has been observed 
abundantly on the roots of citrus trees growmg m the so-called 
dry-bog soils of Tulare County, Califorma It is said to bo found 
there in situations where the soil tends to be waterlogged at times 
The fungus, however, is believed to be seilondary in nature It 
breaks down and rots the bark and wood of the roots after they 
have been killed by waterloggmg or injured by other organisms 
The fungus forms a white, smooth, feltlike coating over the 
surface of the dead parts of the roots and may also extend over 
the surface of the live parts without penetrating the bark ‘'It 
may also form on the surface of stones or sticks in the soil Por- 
tions of the root that have been dead for some time are more or 
less pithy, but not soft or punky, showing a dry white rot 
Specimens of this fungus labeled “P vaporana*^ have been de- 
termmed by me to be P ambtgua Cultures of the plant from 
Cahfonua are identical with those of P anibigua isolated from 
Nyeaa biflorat from Stark, Florida* The characteristic tube-form- 
ing habit of “Pona vap&rarta Ft sensu Burt" as illustrated in 
Hate XXIIl of Paper HI of this series is a sunilar stnkmg feature 
of the plant from Florida Morphologically, this “P mporana 
Fr sensu Burt" is totally different from the true P vaporana as 
interpreted in Sweden and in this series of papers 
It IS of special interest that the C^omia plant is found on 
roots injured by too much water, eiq>eciaily in the dry-bog soils 
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of the San Joaquin Valley On tree snags, logs, and roots found on 
lowland and land subject to overflow P amhtgm is common in the 
south and southeastern forest districts Here it occurs chiefly on 
slash timbers 

Trametea heieromorpha (Fr ) Brea m Neuman, Wis 
Geol and Nat Hist Surv , p 40 Scientific Senes, 

Bull 23, No 10 1914 

DaedaUa heteromorpha Fries, Obs Myc , 1 108 1815 
lAnntea heteromorpha Fries, Epicr Myo , p 407 1838 

CortoMlue septum (Berk ) Murr , Bull Torr Bot Club, 32 481 1905 Pro parte 
Conolua hexagontformu Murr , North Am FI , 9 20 1907 
Trametea laceratua I loyd, Myeol Notes, 4 604 1910 
Trametea heteromorpha (Fr ) Lloyd, Myco] Notes, 6 848, f 1416-1419 1919 
Trametea hexagontformta Mxur In Amerioan literature 

Plates XXXVI-XXXVII 

Important specimen 

Trametea heteromorpha (Ft ) Bres , Herb Bresadola, Stockholm 

Fructification perennial, coriaceous, reeupinate or effused-reflexed, 
0 2“3 X 1-^5 X 0 1-1 cm , surface tomentose often becoming 
nearly glabrous, white, cream-buff,*' often forming tubes on 
upper surface of partly formed pilei, margin obtuse, undulatmg, 
tomentose, concolorous, margm of resupmate plants less than 
0 3 mm , tomentose but soon becoming fertile, context white and 
concolorous with the tubes, up to 1 mm thick, homogeneous, 
tubes mostly white, sometimes ** cream-buff," 1 6-15 mm long, 
mouths angular, daedaloid to irpiciform, 0 5-3 mostly 1-2 to a 
mm , dissepiments lacerate, rather thick, basidia hyaline, almost 
or fully half as broad as they are long, 13-16 X 8-10 /u, 2-4-spored , 
spores smooth, hyaline, cylindric-eUipsoid, apiculate, 8-16 X 3 5- 
4 6 (6 6) M/ tramal byphae hyalme, branched, smooth, or in- 
cnisted, 3-4 p in diameter, no cyatidia 
AUxed apectea — T heteromorpha differs from T vaniformtaf a closely 
related species, m its large pores and white or yellowish white pileus 
P au^Ttuoaua might suggest P ainuoaua because of the name, 
but it IS actually most closely allied to T hetenymorpka T 
atnuoaua and T h^romorpha differ only because of the smaller 
spores in the former and because T aubatrtuoaua never possesses 
lamellae The spores of P auhainuoaua are not at all similar to 
those of P stntiosa 
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The brown pileus of T senalts is ordinarily used to separate 
this plant from T heteromorpha 

Habtiat — Abies balsameot A grandiSy Juntperiis virginianat Lanx 
occidentaliSt L lancina, Ptcea pteura, P engelmanmt, P rubra, 
P sitchensiSt Ptnus contorta, P monticolaf P ponderoaa^ Pseudo- 
tsuga iaxtfolta, Tsuga canaderms^ T heietophylUx, T meriermana 

Distrihution — Alberta, British Columbia, Nova Scotia, Yukon 
Territory, Alaska, California, Colorado, Idaho, Michigan, Minne- 
sota, Missoun, Montana, New Hampshire, New York, Oregon, 
Pennsyhania, South Dakota, Vermont, Virginia, Washington, 
Wisconsin 

Occurrence — T heteromorpha occurs much more frequently in the 
northwestern forests of North America than in northern Europe, 
where it was studied by Fries 1 have collected it abundantly in 
the Northwest and have found it frequently m parts of the Yukon 
Territory and m Alaska, especially m the forests of the Kenai 
Peninsula It is not a common plant in Sweden Near Uppsala, 
for example, the fungus has been found in only one or two forest 
localities 

Importance — T heteromorpha is found on rai&oad ties and other 
structural timbers It produces decay m buildmgs and frequently 
causes damage so serious as to necessitate a complete replacement 
of the wood The foundation tunbers of the bank buildmg m 
Valdea, Alaska, decayed by T heteromorpha, are illustrated m 
Plate XXXVII 

Polyporus senceo-molhs Romell, Hymen Lapp , 

Arkiv fdr Botamk, 11 22 1911 

Lepiopwus $ence(HnoUu (Rom ) Bourd A Gals , Hymen Fr , p 548 1027 
Plate XXXVin 

Important apocimena 

Pciyporm serieeo-mottu Romell, Udmgd, 1008* Herb Myoolog Lam Romell, 
12614, Stockholm 

Polyporus $mes<HnoUu Romell, Nattavara, 1910 Herb Myoolog Lara Ro- 
mell, Stoekholm 

Polyporus aertceo^moUta Romell, FemsiO, 1911 Herb Mycolog Lara Romell, 
12616, Stockholm 

Fructification annual, white, soft, fragile, and crumbling in dried 
plants, effused for 10 cm , mostly resupinate, the margins of the 
plant sennetimes refiexed so as to form a narrow pileus, the edge of 
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which IS in turn refiexed laward, up to 6 mm or more thick, but 
mostly 2-2 5 mm , margin in resupmate plants shows white, 1 mm 
wide, at 6wt pubescent, becoming fertile, subiculum white, thm, 
less than 0 5 mm , tubes seldom stratified, 1-3 mm long, mouths 
snow-white and mostly remaming so even in dried plants, but 
occasionally drymg to **pale olive buff,” 3-4 mostly 3 to a mm , 
angular, dissepiments thin, basidia hyaline, 4-spored, 14-35 X 
6 spores hyaline, 1-guUulate, subcyllndric or suballantoid 
3-5(6) X 1-2 hyphae iHi, mostly 3 ^ wide, septate, clamp 
connections present, no cystidia observed 

Ptychogaster ep with subglobose or ellipsoidal, often angular, 
1-guttulate, conidia (chlamydospores), 5 5-7(8) X 3-4(6) ju oc- 
cur m masses in mounts made from freshly collected material 
that accompanies Polyporua aertceo-mollu 1 have collected this 
Ptycbogaster, which Is m common association with the Polypoms 
about Uppsala, where plants are to be found on old fence rails 
Donk (6) suggests either that P aenceo-moUta, with its chlamydo- 
spore forms, might prove to be the same plant, or that “ Tyro^ 
myces Ptychogaster (Polyporua Ptychogaater) ” may be considered 
a separate species This subject, he pomts out, should be mvesti-* 
gated 

Allied apeciea — At times this plant might be mistaken for Pona 
UntBt which feels soft and velvety to the touch and remains m this 
con<htion even m herbarium material Pol aenceo-moUxa is also 
soft, but it tends to crumble m the dned state The strong curva- 
ture of the spores in P lenta is a distmguishmg character of that 
plant 

The pale yellow color of P fiavtoana separates this soft and 
fragile species from Pol ssncso-moWw Ato compare P cinsro- 
acena 

Bemarke — It is evident that Pol deatructor, as interpreted in the 
Bresadola herbarium at Stockholm, is the same ]:dant Romell 
himself (U) states **As to Pries he has an unpublished picture, 
which is taken from von Post’s work, and this may be either Pol 
eertceo-moUta or a species which I now call Pol auhaeruseo-moUu 
I think that Schrader, if he had meant Pol smcoo-molitt, which 
is mostly resupinate axtd ameeodoTnentoaua, would not have placed 
his fungus at the beginning of the section ' Acaules’ and described 
it ’superficie rugosa glabra 
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Habttai — Abies halsameaf Jumperus vtrgtmanat Tmga canaderma 

Disinhuiion — Florida, Michigan, Oregon, Wisconsin 

Occurrence — This plant seems to occur much more rarely in North 
America than m Sweden It Is very common on old coniferous 
fence rails m central Sweden 

TtameieB vaniformta Pk , Bull New York State 
Mub , 28 220 1809 

Pclgporus vaniformts Pk , Ann Rep New "i ork State Mua , 42 26 1889 

PolyporuE varttformtt nodtilotua Pk ex I>owe, New York State College of Foreetry, 
6 93 1934 

Palyporua vantformu reauptnaiua Pk ex Lowe, New York State College of 
Forestry, 6 93 1934 

ConoltiUua aenaltt (Fr ) Murr North Am FI 9 29, 1907 Pro parte 
PUte XXXIX 

Fructification perennial, or at least capable of revi\ ing upon restora- 
tion of growmg conditions, coriaceous, effused-reflexed or entirely 
reeupmate, pilous 01-1 X 0 2-0 6 x 1--7 cm long, surface hir- 
sute, sonate, blackish, i e *^deep mouse-gray*’ at the point of at- 
tachment to the substratum, to ‘‘cmnamon-buff ” near the margin, 
margm undulating, hirsute, whitish to '*cmnamou-buff,” fertile 
underneath, resupinate specimens — margin whitish to '*pale 
drab gray," pubescent, 0 6 mm , becoming fertile, context less 
than 0 5 to 3 mm , and usually less than 1 mm , with the tubes m 
resupmate specimens, but of two layers — the upper layer blackish 
or brownish and of the color of the pileus m pileate plants, and 
the lower layer concolorous with the tubes, tubes 1-6 mm , 
usually not more than 3 mm long m resupmate plants, often 
opened laterally, “pale pinkish buff** to “avellaneous**, mouths 
similar in color to that of the tubes, 1-2 mostly 1 to a mm , 
angular, daedaloid, to irpiciform, dissepiments becoming lacerate, 
thick, basidia 12-24 X 6^ p, spores hyalme, 9-11 X 2-4 
hyphae rarely branched, incrusted, apparently nonsoptate, mostly 
3-4 M in diameter, no clamp connections, no cystidia 

Attted epectee — T mntformta is closely allied to T heierontorpha 
(Fr ) Bres When these plants are collected in the more or less 
remipinate stages, careful exatmnation of all the available material 
must be made m the field for indications or reflexed portions The 
color should be noted at the time, and it is especially necessary 
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to iook for traces of brownish marginal portions or sections which 
are beginnmg to turn brown 

The pileus of T heteromorpka is white to whitish yellow , that 
of T varttfortnts is brown to blackish The size of the pores and 
the hsrmenial characters are similar for the two plants 

T vani}orm%6 is to be separated from T senalu on the basis of 
pore characters The pores are usually larger in T 
namely, 1-2 to a mm , m T aenalis they are 2-3 to a mm 

Habitat - Abtea haUamea^ Betula otetdeniah^i Fq^ub grandxjoliaf 
Hamamehs vtrgtmanaf Lartx hrtetnaj L ocaderUahSf Ptcea cana- 
dermSf P engelmanntif P manono, P rubenSf P attcheneiSt Ptnua 
eorUoria, P strobus, Tsuga canadensis, T heterophylla, T merten- 
stana 

Distribution — Alberta, Newfoundland, Ontario, Yukon Territory, 
Alaska, Anzona, Colorado, Michigan, Montana, New Hampshire, 
New York, Pennsylvania, Vermont, Virginia, Washington, Wis- 
consin 

Occurrence — Although T heteromorpka occurs abundantly in certain 
localities, T mniformis is more commonly found than T hetero^ 
morpha This close relative of T heteromorpka is not found m 
Sweden 

UmvsRsiTT or Michioan 
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A FOREST SOIL STUDY OF THE UNIVERSITY 
OF MICHIGAN BIOLOGICAL TRACT 

ROY L DONAHUE 

T he University of Michigan Biological Station tract lies in the 
central-western part of Cheboygan County between Burt and 
Douglas lakes (see Map 3) ‘ Within its 3,910 acres is found a vanety 
of natural conditions that readily lend themselves to a related study 
of forestry and soils 

The tract is characterised by a predominance of pine land that was 
logged m 1871-72 Bepeated fires have destroyed nearly all remnants 
of the ongmai stand, leaving large-toothed aspen, red oak, red maple, 
and pm cherry as the present forest cover * In smaller bodies virgin 
hardwoods occupied the land to the exclusion of pines After the 
logging of the onginal hardwoods in 1912 the fires that followed 
were almost as intense and numerous as on the pme land Lees 
permanent damage by fire was done, however, as is evidenced by 
the fact that the present cover on the hardwood land is almost 
identical m composition with that of the onginal growth, although 
the productivity may have been somewhat decreased by this bum- 
mg Swamp land, which is confined pnmanly to the area lying 
just to the north of Burt Lake, supports an abundance of white 
cedar and black spruce 

Profile features of the well-drained soils show (a) coarse orgamo 
matter on the surface, then (6) a leached (eluviated) gray layer over 
(c) a concentrated (illuviated) horizon, yellow brown to brown, over- 
lymg (d) parent matenal, usually of a sandy texture This succession 
of layers indicates that the soils of the area belong to the Podsol 
Soil Hegion The swamp soils are, m the mam, dark brown to black, 
well deemnposed, neutral to slightly acid in reaction, and underlain 
with white saturated sand at a depth of from three to five feet The 

^ The Blologioal Station tract Is located in Townships S(V-87 North, Range 
8 Weet 

* See the Appendix for the scientific neunes of all species meatioaed 
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soil profile of the small encaceous (muskeg) bogs that from a forestry 
standpoint are nonproductive exhibits a coarse, permanently wet, 
yellow peat in which the mdlvidual plant residues may be identified 
even to a depth of several feet 

The late Dr J W Tourney (6) stated that, though chmate is 
the most important influence m determining the range of a forest 
species, the character and the condition of the soil are often respon- 
sible for the hmitation of that species Also he wrote that the in- 
fluence of the soils IS most apparent m the local distribution of trees 
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Many attempts have been made to explain the occurrence and the 
form of vegetation without mention of the soil, and other works have 
sought to magnify pedology as the key to all life distnbution Prol>- 
ably greater truth may be found by a joint study of forests and 
soils, not in the sense of cause and effect particularly, but rather 
in the sense of their reciprocal relationships Such a combined study 
has been given impetus recently by Professor J O Vcatch (6-7) and 
by Professor R H Westveld (9) 

A discussion of the simultaneous occurrence of forests and soils 
on the Biological Station tract is here attempted, by way of obser- 
vations on the kind of virgin cover (Map 4), the present greater 
vegetation, and brief notes on silvicultural practices that are inti- 
mately related to the character of the soil * 

A warning is sounded by Sampson (4) as to the use of the soil 
type as a basis for mapping vegetation types ** Biotic competition, 
rate of succession, habitat range, preoccupation by approximately 
ecological equivalents, biotic history, topographic and climatic fac- 
tors may frequently be paramount over the differences in soil char- 
actenstics selected by the U S Bureau of Soils to delimit soil types 
This observation discourages any attempt to correlate forests and 
soils But m this study, with the soils mapped on a larger scale 
(6 inches « 1 mile) and in greater detail than specified by the U S 
Bureau of Chemistry and Soils, a much closer relationship is more 
likely to exist Also, in this paper several soil types with closely 
related characteristics are grouped to facihtate their study These 
special treatments bring about a detail m relationship that is not 
possible with the use of standard soil maps * 

For convenience of presentation the soil types are grouped on 
the basis of their ongmal forest cover, such as pine land, hard- 
wood land, conifer-hardwood land, and swamp land * 

PINK LAND 

Sixty-mne per cent of the tract is classified as land that originally 
support^ mamly Norway pme and white pine, with a sparse mix- 
ture of red oak, and an occasional hemlock and jack pine Clear- 

* For a discussion on the general subject of forests and soils see reference 3, 
and for a speciBo study of soil oharactenstics and forest growth see Westveld (9) 

* For a description of the sod types encountered see Veatch (8) 

* This classification scheme corresponds very closely to the system presented 
by Dr Frank C Oates (1), namely, Bog, Pioea- Abies, Pine, and Beeoh-Mapte. 
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cutting and severe subsequent fires have combined to prevent the 
natural regeneration of the valuable pmes on all except a few acres 
on the area 

Lack of uniformity m the present forest cover appears to be 
directly related to tlu frequency and intensity of fires, and to slight 
differences in soil textures The cover on the loamier pine soils is 
similar m composition to that found on the more sandy soils, but 
differs m the more luxuriant and thrifty character of the former, 
owing to the presence of more silt and clay m the surface as well as 
to the existence of sandy clay lenses m the substratum (PI XL, 
Fig 2) Repeated fires have exhausted the fertility of some areas to 
the point where they now support stunted oak sprouts (sometimes 
16 or 20 to the stump), with few or no associated forest species, 
and seldom any ground cover save reindeer moss (Ik hen) On such 
places a high mortality of pme seedlings may be expected By far 
the greater part of the pine land is covered with an abundance of 
large-toothed aspen, red maple, red oak, pm cherry, and an oc- 
casional trembling aspen (PI XL, Fig 1) I am told by Professor 
Gates that, if left undisturbed after a damaging fire, pme land will 
again be dominated by species of the original stand m about 30 to 
35 years, provided, of course, that adequate seed trees are present 

Any silvicultural practice on pme land should take cogmzance 
of the fact that soil moisture is likely to be deficient, so that any 
treatment that tends to conserve this moisture will bring favorable 
results Tree roots concentrate m the B layer (PI XL, Fig 3) Be- 
low this layer is sandy matenal that is usually drier than the layer 
above, which encourages a fibrous fetder-root system at shallow 
depths, although m addition pines may develop a taproot 

The abundance of large-toothed aspen naturally calls to the for- 
ester’s mind a possible utilization of this siiecies for a continuous 
pulp or excelsior stand Intensive examinations of the growth of 
aspens have brought to the foreground the mformation that the 
life of large-toothed aspen and trembling aspen on pme land sel- 
dom exceeds 35 years, with a maximum chameter of six inches (3) 
This fact, coupled with the usual mabihty of aspens to maintam 
themselves m a closed stand for more than about two generations, 
indicates that the successful management of an aspen stand is very 
doubtful 

Except m an expenmental way only Norway pme, white pme, 
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or jack pine should be artificially re^stabhshed on the pine land, 
if a continuous forest crop is to be expected 

HARDWOOD LAND 

Soils grouped to form the pine land represented in Map 4 are, 
as a rule, yellow to yellow-brown m the B layer (PI XL, Fig 3), 
those that make up the hardwood land (13 per cent of the tract) 
are dark brown (PI XLI, Fig 3) An interesting possible explana- 
tion of this relationship may be seen in Plate XLI, Figure 2 Here 
is shown, at a depth of four feet, the substratum of a pine soil con- 
taming a hmestone fragment that has turned the otherwise yellow 
sand into a dark umber brown Thus the parent matenal of hard- 
wood soils may have had a greater amount of hmestone than the 
parent matenal of the pine soils 

Quantitative records of the difference m composition lietween 
the virgin and the present hardwood forest cover (PI XLI, Fig 1) 
reveal the followmg conditions 

TABLE I 

The Composition op a Typicai Mapie-Hbech FoaEsr bbpokb and 



APTBR LoOGINO (10) 


Forest species 

Percentage of virgin 
stand 

Percentage of scoo 
growth stand 

Sugar maple 

35 9 

67 3 

American beech 

212 

68 

Hemlock 

14 6 

27 

YeUow birch 

41 

09 

Red maple 

87 

17 

American elm 

29 

16 

Basswood 

21 

06 

White pine 

15 

00 

White birch 

14 

40 

White ash 

08 

00 

Bed oak 

07 

00 


It can readily be seen from the table that sugar maple is the 
only important forest tree that increases in abundance after the 
log^g of the ongmal stand According to Professor Gates, this 
may be due to three thmgs (a) the stumps sprout rapidly after a 
fire, (b) the leaves are distasteful and mildly poisonous to hvestock, 
owing to the presence of an alkaloid known as acerm, (c) the 
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seedlings are tolerant and therefore able to estabhsU themselves very 
readily under a closed canopy 

When the soils that comprise the hardwood land are a sandy 
loam, with sandy day at shallow depths (PI XLI, Fig 3), a denser 
and foster^growing stand of trees is associated Soils of the sandier 
group support a less dense stand and tend to be more cemented into 
a hardpan, especially on ndge-tops or dry benchts, where the pro- 
file 18 not kept young by geological erosion When a continuous 
hardpan is present, wind throw is more hkely to occur, thus making 
it necessary on such areas either to clear-cut or to use a light selec- 
tive method of harvesting the timber 

In a conversation with Professor Gates I learned that, when a 
few seed trees remain, the length of time required for species of the 
onginal hardwoods to dominate hardwood land after a fire is about 
20 to 25 years 

Artificial regeneration is seldom necessary on this type of land, 
owing to the rapid sprouting and natural seeding of the native hard- 
woods But where valuable forest trees are absent, only the adapted 
hardwoods should be selected for planting The establishmg of Nor- 
way pme, white pine, white spruce, Norway spruce, and white cedar 
plantations on hardwood land is a questionable silvicultural prac- 
tice because of the severe competition afforded by the former hard- 
woods 


CONIFER-HARDWOOD LAND 

About 10 per cent of the tract is shown on Map 4 as a nuxture 
of swamp conifers and lowland hardwoods In virgin stands this 
land supported a very heterogeneous mixture and dense growth of 
balsam fir, American elm, white cedar, yellow birth, hemlock, and 
white spruce m varymg proportions, along with red maple, white 
pme, black spruce, and black ash Under present conditions the 
cover (PI XLI I, Fig 1) may contain, in addition to any one or 
all of the onginal species, a large percentage of white birch and 
trembhng aspen It is on this type of land that the trembhng aspen 
grows up to 70 feet in height and attains a diameter of more than 
13 inches and makes the harvesting of a stand for pulp or excel- 
sior much more profitable than on the pme land where smaller trees 
are encountered Even here, though, one or two crops are all that 
may be expected when fires are excluded 
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Professor Gates states that 15 or 20 years after a fire these soils 
be covered with a heavy stand of trembling as|>en and white 
birch, with an understory of balsam fir, white spruce, and hemlock 
gradually dominating 

Soils of the conifer-hardwood land may bo conveiuently divided 
into (a) those that possess a brown layer, ofttmies cemented (PI 
XLII, lig 3), and (6) those that have no brown in the profile (PI 
XLII, Fig 2) A slightly better drainage may exist in the former 
group, but both tyjies are classed as poorly drained soils 

Because of a high water table or a hardpan m these soils, wind 
throw tends to be a senous factor in forest management A wide 
vanety of forest trees may be planted or managed, owing to the 
intermediate position of the soils m regard to thur natural moisture 
content On a few areas m the tract v hite spruce and white cedar 
have already been planted and have shown V( ry high survival, as 
opposed to a poor survival on many of the soils of the pine land, 
where moisture is deficient 


BWAMP tAND 

As shown on Map 4, about 8 per cent of the tract is s^^amp land 
With the exception of a few encaceous bogs throughout ^ area, the 
major part of the organic soils support a junglc-hke st^d of white 
cedar, black spntce, balsam fir, tamarack, and a small amount of 
black ash (PI XLII, Fig 4) Disturbance by man has not destroyed 
remnants of the virgin timber stand, so that the present growth 
mdicates almost identical composition with that of the former 
forest 

Alder seeds in rapidly and grows densely on any area where the 
severe root competition has been decreased through either fire or 
loggmg, although, according to Professor Gates, in approximately 
10 years the speiues of the former vegetation will again dommate 
the site 

Even m closed stands a high wmd velocity does senous damage 
by blowing over these shallow rooted trees A clear-cuttmg or a 
light selection cutting is necessary so as to nuiumise wmd injury 

With only a small amount of expense one can maintain white 
cedar and black spruce m a productive condition on moat of the 
gwamp land because the soil la black, highly decomposed, fertile, 
and well supphed with moisture 
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8UMMAKY 

1 The University of Michigan Biological Station tract com- 
prises 3,910 acres on Douglas Lake, in central- western Cheboygan 
County, Michigan 

2 A study of the coexistence of forasts and soils is here attempted 

3 The former forest cover may be divided into pines, hard- 
woods, a mixture of lowland conifers and hardwoods, and swamp 
conifers 

4 Soils of the area belong to the Podzol Soil Region 

6 After a fire the length of time required for the species of the 
vir^ stand to dominate the cover again is as follows pine land, 
30 to 35 years, hardwood land, 20 to 25 years, conifer-hardwood 
land, 15 to 20 years, and swamp land, 10 years 

0 A high water table or a hardpan prevents deep root penetra- 
tion, and thereby induces wind throw 

7 Aspen stand management on pine land is questionable be- 
cause of the scrubby tree growth, but on comfer-hardwood land 
shows promise of success, owing to the more rapid growth and the 
greater ultimate size of the trees 

8 An explanation of the pnmary difference between a pine soil 
and a hardwood soil is suggested This difference may be due to 
a greater abundance of limestone m the parent matenal of the hard- 
wood land 
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APPENDIX 

COMMON AND SCIENTIFIC NAMES OP SPECIES MENTIONED 

(The sciotiiific xmmea of the trees are those of Dr C P Sargent, 
the names of the other vegetatton, those of Dr Asa Gray ) 


Alder Alnus Incana 
American beech, Fagus graodifoUa 
Amertoan elm, Ulmus amencana 
Balsam fir Abies balsamea 
Basswood, Tiha glabra 
Black ash, Fraxinus nigra 
Black Bpruoe, Picea mariana 
Hemlock, Tsuga canadensis 
Jack pine, Pinus banksiana 
Labrador tea, Ledum groentandicum 
Large-toothed aspen, Populus grandi- 
dentata 

Leathcrlcaf, Chamaedaphne calyculata 
Norway pine, Pinus resinosa 
Norway spruce, Picea abies 


Pin cherry, Prunus pennsylvanica 
Red maple, Acer rubrum 
Red oak, Quercus borealis 
Reindeer moss (lichen) Cladonia sp 
Sphagnum moss, Sphagnum sp 
Sugar maple, Acer saccharum 
Tamarack, lanclna 
rremblmg aspen, Populus tremuleides 
White ash, Fmxinua amencana 
White birch, Betula papynfera 
White cedar, Thuja occidentalis 
White pine, Pinus strobus 
White spruce, Picea glauca 
Yellow birch, Betula lutea 
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DISPERSAL OF JACK-PINE SEED FROM 
SEED TREES AND SLASH 

FRANCIS H EYRE 

I N THE earlier days of forestry m the Lake States jack pine was 
looked upon with scorn True, it did tend to cover the land after 
clear-cutting and fire, but as for its value as wood, few dared to predict 
much of a future Tunes have changed The jack pme, which clothed 
the landscape after the period of destructive logging, did not stand 
still but grew into fairly sizable trees, suitable for the production of 
cordaood matenal Pulpwood plants discovered that there were 
considerable areas from which a supply of this wood could be obtained, 
and the wood proved to be excellent for the makifig of certam grades 
of pulp 

The cutting of this second-growth crop has progressed fairly 
rapidly without causmg foresters very much concern In portions of 
the Lower Peninsula of Michigan and m Wisconsin accessible supplies 
have been greatly depleted, and jack-pme pulpwood is now shipped 
for rather long distances 

Eeproduction, which came m abundantly after loggmg and fire m 
the early days, seemed to be a simple matter to obtam, and the litera- 
ture 18 full of recommendations on how to manage jwk pme A few 
of the more important references may be mentioned 

Stenrelt (2) indicated that jack pme could be readily reproduced 
either by clear-cutting m strips or by a general clean-cutting, and leav- 
ing five to ten seed trees per acre In commentmg on National Forest 
practices he said that m Minnesota it was sometimes considered 
necessary to scatter the slash and bum it m order to open up the cones 
and let out the seed In Michigan) however, burning was thought to 
be unnecessary, and regeneration could be obtained from seed on the 
ground or from seed trees left after cutting 

Ellis (I) was not quite so positive that jack pme could be easily 
reproduce In his opinion fire is usually required to open the cones, 
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but dunng dry summers many cones open on the trees, whereas in 
wet seasons they remain closed 

Zon (3) believed that to obtain reproduction clear-cutting was all 
that was necessary if the cuttings did not cover too large an area He 
expressed the opinion, however, that, where the slash is light and the 
danger from fires slight, it may with benefit be left scattered and 
unburned The sunS heat near the ground would open up enough 
cones to provide abundant n^stwking 

The reading of thtse recommendations would lead to the belief 
that there is little or no difficulty in obtaining jack-pme reproduction 
and that the management of this species is indeed simple There are, 
however, some difFercnces of opinion among these authors and an 
almost total absence of concrete evidence and examples of how this or 
that method worked out m practice In other words, many of the 
statements made lack proof, oven though they may be substantially 
correct More critical observers who have recently token the trouble 
to inspect cutover areas and timber sales to see if reproduction reall> 
did follow cutting, are becoming frankly skeptical whether we for- 
esters know anything at all about the management of jack pine 
Accordmgly, it may be worth while to present some of the pre- 
liminary results of cutting experiments and related studies of the I^ake 
States Forest Experiment Station We ha\e under observation in 
Minnesota and Michigan some twenty plots devoted chiefly to the 
study of cutting methods and natural reproduction of jack pine The 
records for one of them dates back fourteen years 

A single half-acre plot in a dense 55-year-old stand of jack pine on 
the Superior National Forest was clear-cut in 1921 The slash was 
allowed to remain on the ground until 1926, when it was piled and 
burned An examination by the stocked-quadrat method made in 
1932 indicated that 82 per cent of the area was stocked with aspen 
or paper birch and 55 per cent with conifers, chiefly balsam fir and 
spruce, a large part of which was present as advance growth when the 
cuttmg took place Jack pine, however, compnsed less than 10 per 
cent of the coniferous reproduction at the end of eleven years Even 
though this snrnU plot was surrounded by a heavy stand of pure jack 
pine, for some reason it did not reproduce to this species 

A strip cuttmg made in 1930 in a somewhat similar stand m the 
same general tocahty, but containing a 10 per cent mixture of aspen 
and birch, showed even less satisfactory results At the end of the 
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first year after cutting there were no jack-pme seedlings, whereas 
there was a stocking of 50 per cent of aspen and birch in the clear-cut 
strips Many of the aspon suckers were 10 feet high the second year 
after cutting Subsequent observations indicate that aspen and brush 
have compleUly taken over the area 

There may be places where clear-cutting m eithtr strips or patches 
has merit, but we have not been able to make the method work in 
northern Mmnesota 

At the Forest Fire Experiment Station at Roscommon, Michigan, 
we have six slaah-disposal plots which throw some additional light on 
the problem The timber, a scrubby open stand, was cut clean m 
1930, and all the common methods of slash disposal, including broads 
cast burnmg, were trud out The reproduction which came in after 
cutting was unsatisfactory on all plots Ihe striking point, however, 
was the fact that, where the slash was lopped and left, the results were 
much the best, with no disposal ranking second 

Partial cutting of jack pine in 1926 on the Chippewa National 
Forest m a 66-year-old understocked stand of jack pine also gave poor 
results These plots had an advance crop of seedlings ranging m 
number from 664 to 1,444 per acre on the ground at the time of 
cuttmg There was some decrease in numbers at the tune of logging, 
due probably to sudden exposure and loggmg damage, and then a very 
gradual increase up to 1930 (a very dry year), when the stand of 
aeedlmgs was from 812 to 1,434 per acre After this the numbers 
dropped off to less than those at the time of cuttmg four years before 
The reaction to cutting in a 60-year-old overstocked stand cut in 
1926 on the Superior National Forest was entirely different and much 
more satisfactory In this stand there was no advance reproduction 
of jack pine at the tune of loggmg, although there were some balsam 
and spruce The year after cutting a fair stocking of jack-pmc seed- 
lings appeared In 1932, on the plot where 60 per cent of the basal 
area was removed m cutting, this amounted to 40 per cent of complete 
stocking with jack pine, the best so far obtained m our cutting plots 
Considenng all coniferous reproduction, the results were reasonably 
good The peculiar thing was, however, that no seedlings of jack 
pine appeared after the first year 

What was the reason? Were the soil and the seed-bed conditions 
unfavorable for germmatlon after the first year, or, by some chance, 
were the seed trees ''holding out” on their supply of seed? With ihe 
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first question in mind expenments have recently been designed to test 
out the advantages of preparing the seed bed m various ways Re- 
sults of these testa will not be available for another year or two 
To answer the second question, 51 seed traps, each 1/4,000 acre 
m size, were set out in jack-pmc stands of varying density in Minne- 
sota and at two locations m Lower Michigan, namely, on the Huron 
National Forest and at the forest Fire Experiment Station at Ros- 
common 

During a twehe-month period (July, 1933, to July, 1934) nine 
traps located on the cutting area on the Superior National Forest 
caught exactly two ^ack-pinc seeds, a rate which would give 888 per 
acre Eight traps located m a cutover stand of jack pme during 1932 
on the Chippewa National Forest gave almost identical results 
Dunng a fourteen-month period (Aug , 1933, to Oct , 1934) four- 
teen other traps were placed l)eneath an 80-year-old stand of jack 
pme on the Superior National Forest, part of which was cutover 
dunng 1934 I^is stand averaged better than 70 feet tall Three 
traps were located in a clear-cut area of 1 7 acres, eight in a partial 
cutting where about three fourths of the stand had been cut and many 
large seed trees left, and four m an uncut stand These traps caught 
altogether 26 jack-pme seeds, or 7,410 per acre, bterally a small hand- 
ful During this period there was much hot, dry weather, a condition 
supposedly ideal for the dissemination of jack-pine seeds In Septem- 
ber, 1934, these same traps caught 2,299 paper birch seeds, or over 
600,000 per acre, indicatmg quite conclusively that the traps are able 
to catch seeds m case any large quantity is falling Almost the same 
number of jack -pme seeds was caught under the uncut stand as on 
the partial cutting The clear-cut plot yielded fewer The compari- 
son between plots is probably unreliable owing to the small number of 
traps, but the total figures should mean somethmg 

The results obtained m Michigan were quite similar On the 
Huron National Forest ten seed traps were located under a 66-year- 
old jack-pme stand contammg 282 trees per acre The average 
diameter m the stand was ten inches and the average height 63 feet 
Dunng the period from August, 1933, to October, 1934, these traps 
collected the grand total of two good seeds 

At the same time ten traps were placed m a scrubby jack-pine 
stand at the Michigan Forest Fire Experiment Station at Roscom- 
mon Over a penod of fifteen months 60 seeds were caught From 
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July, 1933, to July, 1934, exactly 30 seeds were trapped, or 12,000 
per acre, less than one tenth of a pound As a matter of fact, more 
seeds were caught in the traps at Roscommon than at the other loca- 
tions The stand in this case was more open, and the trees were 
much shorter than those m the other stands 

No claim is made that the number of seeds collected m these traps 
IS an accurate quantitative expression of the total amount of seed 
that jack-pine trees annually disperse It would seem to be en- 
tirely apparent, however, from the records presented for a variety of 
conditions, that jack pine without the use of fire cannot be depended 
upon as a seed tree 

What, then, is the answer? Obviously, an enormous quantity of 
seed 18 contamed m the cones of the slash, and germination testa made 
by our station show that seed, even from old, brown-lookmg cones 
which have been on the trees for several years, is of good quality In 
our slash-disposal plots at Roscommon it was noted that cones opened 
up, and around the edges of piles or wmdrows of bunched slash some 
reproduction appeared, but beneath heavy accumulations of slash 
there was no regeneration , 

In order to get some idea of the quantity of seed dispersed by slash 
when scattered a few branches containing 69 cones were placed over 
a single trap on the Superior National Forest during the summer of 
1934 The cover of the trap and the branches were carefully removed 
once a month and the seeds counted An especial effort was made to 
avoid any undue shaking or disturbance which would tend to cause 
the seeds to be dispersed At the end of four and one-half months 
(May 15 to September 30) 2,195 seeds were collected m this smgle 
trap, whereas fourteen other traps on the same area caught only an 
average of 2 seeds per trap from seed trees during a period three times 
as long In other words, a layer of slash of this density would disperse 
nearly 70 pounds, or 8,780,000 seeds per acre This, indeed, is an ex- 
treme contrast to the meager numbers scattered by the seed trees 

To burn slash progressively by swamper burmng or to pile and 
bum It soon after cutting would destroy greater part of the seed 
and reduce the chances of getting natui^ reproduction If slash can 
be permitted to he on the ground exposed to the sun during all or part 
of a summer season, it stands to reason that a great deal of valuable 
seed will be dispersed Afterward, however, it should be piled and 
burned entirely or reduced m quantity sufficiently to prevent 
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mechanical obstruction to young seedlings This operation should 
tend to shake additional seeds from the cones By the use of such 
methods, and perhaps also with the help of 8c»ne soil preparation, a 
way may be found to reproduce jack pine 

Laxs Statbb Foassr Expsriuibnt Station 
U wjvuMiry Fabit 
St PAUt, Minnxsota 
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NOTES ON READING AIR PHOTOGRAPHS 

HAROLD P UNDERHILL 

S INCE they were first made available to the public m February, 
1931, the Geological Survey Division of the Department of Con- 
servation of Michigan has sold hundreds of reduced copies of its 
origmal air photograph mosaics to private users at the cost of repro- 
duction Many of these purchasers have asked for assistance in the 
mterpretation of copy mosaics It is hoped that the foUowmg notes 
will be of value to them as well as to others who might be confused at 
first by the multitude of minute details shown on an air photograph ^ 
The term **air photograph'^ — '‘air photo" colloquially — is a 
convement way of saying ‘^airplane photograph," and it refers to any 
photograph of the ground taken from an airplane while m flight In 
this paper, however, the use of the term *^air photograph" is limited 
to aMal views photographed from a camera position directly above 
the center of the picture The scale of the original photographs from 
which these copies are taken is such that one mch on the pnnt repre- 
sents one thousand feet on the ground 

A "mosaic" is an assembly of air photographs, trimmed, fitted, 
and mounted permanently as a umt Our standard mosaic covers a 
township of thirty-six square miles This master mosaic is photo- 
graphically copied on a scale of two mches to the mile, in which form 
it IS sold to the public as a copy mosaic 

The airplane camera records every detail of the landscape beneath 
the fidrplane at the time of exposure When we are viewing a photo- 
graph it 16 necessary to remember that we are looking at the roofs of 
buildmgs, and the crowns of trees, and that, owing to the scale of the 
print, these and other details are very small A road may at first ap- 
pear very narrow, probably because we are accustomed to seeing 
roads and similar features exaggerated on ordinary maps 

^ > In * paper entitled “Notea on the Assembly of Airplane Photographlo 

Mosaics," Pap Acad S<a , ArUand 41&-434 193fi, the 

author jdvas a teobnical description of the materials and methods used by the 
Michigan Department of Oons^ation in making mosaics. 

m 
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The camera translates each of the natural colors of the landscape 
into some shade of gray between the limits of white and black 

Water bodies known to be deep photograph almost black, and 
others known to bo uniformly shallow are a light gray, which indicates 
that the depth of the water, as well as, perhaps, the underwater 
vegetation and muds, influences the shading of lakes and streams 
Beaver ponds, formed by dams across small streams, art invariably 
as black as the deepest lakes This fact pomts to the muddy-bottom 
hypothesis as being the correct explanation for the dark shades of 
these shallow ponds The muddy nature of the bottoms is \ouched 
for by mvestigations recently made concerning beaver-trout relation- 
ships in Michigan 

The few lakes observed which are not of a dark gray to a black 
shade are uniformly light gray m appearanct Conway Lake m 
northern Marquette County is said to be shallow, with much bottom 
vegetation, and its photograph is a light gray which contrasts strongly 
with those of adjacent deep lakes Submerged beaches and bars of 
sand, marl, or limestone are, of course, much lighter than near-by 
deep waters The appearance of water vanes from the dark shades of 
clean deep water to the milk white of grossly polluted waters, of which 
a few examples have come to our attention Occasionally a water 
surface showmg near the southern border of a pnnt mirrors the sun- 
light mto the camera lens and so pnnts dead white, or ** light-struck,^^ 
as this effect is sometimes termed This same water area when photo- 
graphed from a different angle has, of course, a normal appearance 
** Light-struck water, although commonly unwelcome, sometimes 
serves to delmeate the exact course of a small stream which otherwise 
would be entirely hidden by an overgrowth of forest canopy One 
marsh with a luxuriant stand of grass appeared on the photograph as 
water In this case the camera caught the flooded sod, visible through 
the grass from above although not apparent to the forest mapper on 
the ground, who reported the cunous fact 

Shadows are fully as black as water, and with water they share 
the distmction of being the darkest features on an air photograph 
Because of their urcgulanty and small sise they should rarely be mis- 
taken for water The exact time of day when the picture was made Is 
sometimes shown by the clock reproduced in the number panel along 
one side of the photograph If the time of exposure is known, the 
shadows of buildmgs and trees are useful as mdicators of the north 
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point Photographs are takin only from midforcnoon to midafter- 
noon, during 'which period shadows will swing from a northwesterly 
to a northeast-eriy direction Shadows always point northward in this 
latitude, and by a brief study of thim a print may be quickly orien- 
tated with its north side up, which is the correct way to view it A 
good estimate of the height of an isolated trit or building may souh- 
times be made by the aid of its shadow In some cases the species of 
individual trees may be guessed, proMded the observer is familiar 
with the timber in the area Photographs of the sf attered Norway 
pines near Shingleton, on the fringe of the great sandy lowlands of 
Schoolcraft County, afford data for such experinu ntal use of shadows 

White to light gray lines appearing cm a photograph art probably 
roads, railroads, or 6 re lines, depending upon t haract^ nstics posstsswl 
by and peculiar to each Roads are laid out with square corners and 
intersections and with sharp tur\ es I hey arc* gem rally less uniform 
in width than railroads Dirt roads arc cheaply built, and for this 
reason dodge olietatlos like hills and swamps, rathc'r than cut through 
or fill them Farming-country roads generally follow the checker- 
board of land lines, whereas sand-plains trails cut across lots without 
regard to property lints Trails are an outgrowth of the necessity for 
the shortest route between two points where land values are low, so 
that their direct course is dt fleeted only by local topography Ihere 
are few straight stretches in a sand trail Our field men, whili en- 
gaged in mapping cover in Schoolcraft County with the aid of air 
photographs, reported a certain logging road shown on a photo- 
graph as apparently clean and usable, but it was impassable and al- 
most unrecognleablc m the field because of the thick growth of alder 
brush covering it The site of a race track is clearly visible m a field 
southwest of the village of Wolverint , Cheboygan County Many 
local residents arc unaware that it once t xisted, smei there is no visible 
evidence on the ground, owing to repeated cultivation of the field 
A white line, which was thought to be a good automobile trail, was 
revealed by our forest mapper iii Cheboygan County to be a single 
plow furrow used in controlling a grass fire Roads of black bitumi- 
nous concrete and other dark-surfaced roads are, of course, not white 
on the air photograph They are a medium gray and may be easily 
identified by the usual light-colored side roads, sharp comers, and 
turns 

Railroads are id^tified by perfectly engmeered curves, cohnocted 
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by longf straight tangents On main lines where the roadbed is well 
kept and the ballast is gravel or crushed rock railroads appear on the 
photograph as thm white to light gray lines of uniform width Branch 
lines show up m any of the darker shades of gray, depending upon the 
condition of the roadbed It is not possible to determme from air 
photographs whether or not steel rails are m place on a railroad grade, 
except, of course, where evidenced by occasionally visible trains stand- 
mg on sidings and in motion on mam lines Old roads cleared for 
loggmg operations and old railroad grades built for this industry m 
the past have often become choked with young timber and brush so 
that one is unable to drive on them Former pine-logging railroad 
grades in the Cusino Game Refuge, Schoolcraft County, are easily 
traced through the virgin hardwoods on the photographs, but are 
difficult to find in the forest because of the large size of the secondary 
hardwoods growing on them 

Fire lines ought easily be mistaken for roads and, m fact, arc often 
used for roads In the Pigeon River and Black Lake State Forests m 
Presque Isle and Cheboygan counties good examples of fire-stoppmg 
lines, which are built upon the section, quarter, and eighth lines, are 
to be found They form a checkerboard of white lines through the 
grays of the forest areas, each square outlining a forty-acre tract 
Another type of cultivated fire line may be seen on both sides of cer- 
tarn railroads in the Upper Peninsula of Michigan These are for the 
specific purpose of stopping fires which might be accidentally started 
along the railroads by sparks from locomotives equipped with im- 
perfect spark arrestors The identity of such a fire line along a rail- 
road northeast of Gwmn, Marquette County, was questioned until it 
was found to stop at the edge of a small lake and continue from the 
opposite side A sand-plains trail, which it might have been, would 
have dodged this water hole and appeared as an unbroken white line 
on the prmt The random firebreak, usually a single plow furrow 
made across the path of a grass fire for the purpose of stopping it, is 
also a white hne on the photograph, and is easily mistaken for a trail 
To the windward of a successfully used plow furrow the burned-over 
and blackened country contrasts strongly with the normal gray of 
the unharmed cover on the opposite side of the firebreak 

In farm areas, regularly shaped fields with uniform hght gray to 
white shades are most probably newly cultivated fields Pa^Iel 
markings on these areas show direction of cultivation Concai- 
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trie framing of varying shades of gray around a field probably indipate 
a progressive stage of soil cultivation or of reaping at harvest time 
Other fields of a uniform medium gray may be unused lands, pasture 
lots, green farm crops, or meadows Cleared lands which at one 
time were unprofitably cultivated are often overgrown with brush 
If all the conditions are good when such an area is photographed, a 
minutely mottled appearance, due to the many small shadows cast 
by the brush, will be observed on the photograph Under adverse 
conditions of hght and foliage, howe\ er, it becomes difficult to deter- 
mme from the prmt the amount or the size of the brush which may 
actually be present upon an area having the uniform shading of an 
alfalfa field Leatherleaf bogs have the even medium-gray color of a 
grass meadow, but are a little darker and are often fringed with spruce, 
cedar, or other conifers 

Cone-bearmg trees photograph dark gray to black Small conifers, 
when evenly seeded, do have a texture, although it is fine indeed 
Average mature conifers have a coarser texture As a rule, jack pme, 
cedar, and balsam are darker than the spruces Proximity to water 
or lowland is about the only means of differei^tiatmg between low- 
land conifer and upland jack pme, smeo they photograph about the 
same as regards texture and color In fact, it is dangerous to make 
guesses about the species of trees, either the lowland or the upland 
types, unless the observer is familiar with ground conditions repre- 
sented m the photograph m question As mentioned m an earlier 
paragraph, the species of occasional isolated trees may sometimes be 
determmed However, the principal use of photographs in this re- 
spect lies in the fact that by them forest types can be identified and 
their boundaries delmeated Fine texture and dark shade charactense 
a coniferous area Their uniformly close-grained appearance from 
above is about what the reader would expect when a pure stand of 
thickly stocked spruce or balsam with sharp tops pomtmg skyward is 
brought to mind 

Unlike the conifers, upland hardwoods exhibit mdividual crowns 
of various shades, depending upon the species and the season Their 
broad leaves of summer green or autumn colors refiect more light than 
do the needles of the cone-bearing trees This results In light gray 
crowns, the mass effect of which is darkened by countless small black 
shadows Hardwood areas may be described as having the medium^ 
gray color of a '^salt-and^pper*^ fabric, which is found, upoj^ close 
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inspection, to be composed of the small rounded forms of individual 
trees, each easting its shadow 

Pure sand areas appear white on a photograph Under sand 
areas may be listed sand roads and trails, sand beaches, sand bars 
and spits, and sand dunes Aetu c sand dunes m the Ludington State 
Park, a few miles north of Ludington, Mason County, are the best 
example of this type of scenic playground to be found m our files 
In the vicinity of Brevoort Lake, Mackinac County, and again at 
Maniatique, Schoolcraft County, the abandoned beaihcs of ancient 
Lake Michigan are stnkmgly portrayed by gently curving, narrow, 
concentric bands of light and dark ttrrain, i\hich represent alternate 
sand ridges and w( t coniferous swamps 

Light-tolond bare spots throughout the exposed rock regions of 
the Upper Peninsula and on IsU Iloyalo are probably outcrops of 
rock so barren that no trees or other \eg(.tat ion can grow upon them 
Faults across the <itnke of th< country rotk on Isle Royale are madi 
obvious by the darker vcgitatioii growing in these zones of fracture 
Sinkholes m the southwest corner of Prtsqut Isle County arc 
strikingly exhibited on air photographs These conical dry holes 
have bnm diameters as great as five hundred feet and several have 
depths well over one hundred feet An indication of their shape and 
depth can he goineil by the shadows covering their southern slopes 
These sinkholes and other features having a vertical dimension equal 
to or greater than that of a small house are very interesting when 
viewed through a stereoscope 

The stereoscope is an optical devici , through which, by means of 
two seta of mirrors, each eye of an observer views separately one of 
a pau* of ovcrlappmg photographs Wlien nicely adjusted, the photo- 
graphic images of topographic features, such as buildings, trees, 
quarries, sinkholes, mountains, and valleys, assume a realistic third 
dimension of height or depth The stereoscope cannot be used with a 
mosaic or a copy mosaic It is useful only with pairs of overlapping 
photographs When they are available, the exhaustive study or de- 
tailed mapping of an area is greatly facilitated by the use of a stereo- 
scope and a set of original, overlapping air photographs It is possible 
to make accurate topographic contour maps by employing ground 
methods for skeleton control only, and by completing the map in the 
office with the aid of air photographs and a stereoscope 

Because of the completeness of detail shown on an air photograph 
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all users are assured of finding thereon the particular information in 
which they are inU rested Of course, ui somt photographs trees may 
(onceal the exact course of small streams, trails, or even roads, an 
occasional fleecy cloud or its black shadow may blot out a small por- 
tion of a print, tree shadows may, in places, obscure the exact shore 
lines of lakes, and smoke from forest fir<*s or industrial plants may 
entirely blank out considerable portions of tin landscape Pc rhaps 
the most common cause of loss of dc tail m an air photograph is the 
presence of static 

The term “static” is applied to the white marks on a print which 
result when sparks of static elect ncity are discharged withm the 
camera in the presence of the film Static takes several general forms 
hazy white dots the size of a pea, white lightnings branching out 
radially from a spark center with an overall diameter up to that of a 
half dollar, and parallel white lines forming an effective hatching 
across the length of the photograph, which at times renders the print 
absolutely worthless There is danger of mistaking some of these 
static lines for irregular trails in wild areas, and even though no such 
mistakes are made, the markings detract from the general appearance 
of a photograph and obscure much detail 

Although an air photograph mosaic is not a strictly accurate map, 
owing largely to variations in the scale of the original photographs, its 
several parts are (arefully fitted and bear to one another a photo- 
graphic relationship that w convincing because features difficult to 
map, such as irregularly shaped lakes and nvers located in almost 
inaccessible swamps, are reproduced witli the same fidelity as the 
more easily mapped areas Confidence m the true proportions and 
completeness of photographic detail are sure to make this new type 
of map more popular m the future 

pBPABTiniNT OF CONBKBVATIOK 

Lanbimg, Michigan 




THE SOMERSET-FERGUSON URBAN AREA 
IN SOUTHEASTERN KENTUCKY 

C STEWART BOERTMAN AND HENRY MADISON KENDALL 

T he urban area of Somerset with its satellite, Ferguson, stands 
out m sharp contrast to the surrounding agricultural landscape 
of the Highland Run Plateau just west of the escarpment of the 
Cumberland Plateau m Southern Kentucky (Map 6) The uneven 
surface of the Highland Rim, upon which are scattered remnants of 
forest interspersed with cultivated fields and pastures and occasional 
irregularly spaced habitations, is obscured m the urban area Atten- 
tion focuses rather upon the buildings and upon the varying aspect 
of the several functional sections withm the agglomeration 

Somerset carries on its origmal function as a political center and 
has added to it those of distribution and collection of goods Its 
sateUite, Ferguson, is a result of the acquisition of a still further 
function, that of transportation Growth outward from the ongmal 
nuclei of settlement has nearly joined the two centers, and for all 
purposes except political the two settlements are one Geographically, 
there is one urban area, though it la mtorruptcd in many places by in- 
clusions of vacant or agricultural land 

BUBVACB CONFIGURATION 

The surface of the section of the Highland Run In which Somerset 
is located results from both stream and underground erosion The 
rocks upon which this surface has developed are limestones of varying 
resistance Consequently, m some parts, normal stream erosional 
forms appear, whereas in other parts characteristic mantled karst 
forms are the rule There are considerable unevenness and irregu- 
larity in pattern of forms In general, early mature ridges and valleys, 
with here and there a sinkhole interrupting the expected level and 
arrangement, are characteristic 

The probable original nucleus ^ of Somerset occupied the end and 

* To ih« present, no map of the onginai plat of Somereet has been found 
Various court record indicate, however, that the section now oompristng the 
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the 8idc Hiopes of a ndge txtendmg between the valleys of Sinking 
Creek and one of its tributaries (Map 6) Ihe built-up area has 
extended from this original site pnncipally northward and eastward 
onto a less dissccttd portion of the Highland Rim The original 
nucleus of Ferguson lies some two miles to the southeast on a portion 



Map 5 Situation of the Somerset 
Ferguson urban area Legend 

1 Blue Grass Basin 

2 Highland Rim Plateau 

3 Cumlierland Plateau 

4 Pulaski County 


of the upland where karst erosion 
has molded the details of surface 
The spreatl from Ferguson to 
Somerset has followed along the 
edge of the valley of Sinking 
Creek and, in part, occupies the 
valley slopes and the valley bot- 
tom 'fhe valley bottom is very 
closely followed by the railroad, 
which forma the physical tie be- 
tween Somerset and Ferguson, 
though the narrowness of the val- 
ley enforces frequent use of the 
side slopes At the present time 
ridge tops, valley sides, valley 
bottom, and sinkholes alike are 
all included in the built-up area 
of the combined urban unit 

HISTORY OF SETTLEMENT 

The populating of the High- 
land Rim south of Stanford (St 
Asaph’s) and the establishment 
of Pulaski County and its county 
seat, Somerset, occurred soon 
after the settlement of the Blue 
Grass Early m the year 1798 
the Boutheast-central part of the 


state had a sufficiently large population to demand a county organ- 
ization and a court nearer than the Lmcoln County court at Stan- 


ford (Map 5) The state assembly responded by establishing the 


commercial core is within the original boundaries The reotangulaHty of street 
pattern in this section, coupled with the orientation of the streets, strengthens this 
indication 
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County of Pulaski, naming the m w county after the Polish hero of 
Revolutionary War fame * Samuel Gilrnort , Robert Mod( n 1, John 
Francis, Nicolas Jasjw r, and Brazil Mtek, hi mg constituted cominis- 
sioners of piace by Go\ernor Garrard, uen to siUct a permanent 
site for the county court and to designate thi name of the new 
town The commissioners met on luesday, June 25, 1799, for their 
first court session at the house of T homos Tlansford ^ 

So heavy was the business before the new county court that it was 
the end of the year before the court tould turn its attintion to the 
purchase of a siU for the public buildings On December 24, 1799, it 
was ordered that the next session should be held at the home of 
Nicholas Jasper to view proposals for the location of the county seat * 
At this and sucocssne sessions thi justicis hsttnod to the many pro- 
posals for the sale of lands to the county but, unfortunately, no 
record of thi nurnbi r of proposals leicivtd or of the dt bates ovi r thi 
merits and the dcficuncits of the various suggested sites is txt^int 
All that IS defimtely known is contained m the terse entr> of the 
county clerk in the Court Record Book regarding the proceedings of 
February 24, 1801 The court commissioners, after investigating all 
proposals, finally selected as the best site for the county scat the lands 
of William Dodson, from whom they proposed to buy a forty-a(re 
tract * On the same day Dodson gave a thousand-pound bond to 
the court commissioners to transfer the required forty-acre tract m 
exchange for valuable consideration and two town lots Ihc tract 
was to be laid out in a square or a re( tangle Dodson was to ha\ e 
first choice of the town lots, the court was to have second choice, and 
Dodson was to have third choice* Samiul MtKei, James Hand- 
grove, Edward Turmr, Jolm Prather, Nuholas Jasper, William box, 
and later Robert Moderel were designated commissioners to let out 
and superintend tlu erec tion of the public buddings a courthouse, 
jml, Bto( ks, etc , and a stray pen ^ 

* liHtell, WiUiam, The Statute Law qf Keutticky (Frankfort, 1810), 11 189 
The Act was approved on December 10, 1798, creating Pulaski County from parts 
of I inooln and Green counties The organization of the now county was to be 
oottipleiod fto that the county government could begin to function on June 1 1799 

* Court Hecord Book (Pulaski County), 1 1, Littell, op c»( , 11 190 The 
enabling act in Littell states the method of naming tlio commissioners and the 
time and place for holding the first court session 

* Court Record Book (Pulaski County), I 29 ‘ Ibid , p 71 

* Deed Book (Pulaski County), I !)5-56 

’ Court Record Book (Pulasla County), 1 72 
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The decision of the court in favor of Dodson’s land and Dodson’s 
bond to complete the transaction would seem to settle the question 
of the permanent site of the new county seat This was not the case 
For some unknown reason the whole matter of the location of the 
permanent seat of justice of Pulaski County was reopened Perhaps 
it was because William Dodson then lived m Tennessee * and certain 
influential citizens felt that the site of the new town should be pur- 
chased from a citizen of the Commonwealth of Kentucky After long, 
renewed debate the question relating to the site for the public build- 
ings of the county, the court commissioners made their second and 
Bnal decision on June 24, 1801, again selecting the lands of William 
Dodson, which were located on Sinking Creek, a branch of Pitman’s 
Creek The new town was to be called Somerset Robert Moderel, 
Nicholas Jasper, Jesse Richardson, John James, Sr , and William 
Bams were named the first town commissioners • The forty-acre 
Dodson tract was selected, for it was near the larger agglomerations 
of population which had been incorporated into the new county 
For the forty acres Dodson received $1 and, through the agreement of 
February 24, 1801, selected town lots 26 and 26 on the public square 
When the choice of the site for the county seat was finally made, 
a new committee, composed of Jesse Richardson, Nicholas Jasper, 
James Handgrove, Phillip A Sublette, John Prather, and Andrew 
Russell,'* was appomted to replace the committee of February 24, 
1801 Contracts were let for the necessary county structures John 
James, Jr , received $38 for the stocks and pillory, Wilham Roberts, 
$16 for a stray pen, and Francis McGowan, $23 for bmldmg a house 
on lot 40 for the use of the court This structure was completed by 
September 22, 1801, for on that date the county clerk noted that the 
court met at the house built for the court’s purpose Thus two years 

• 2>00d Bo<^ (Pulaski Cemnty), 1 4<M1 

* Ctmrf Htoord B 0 oh (Pulaski Oouoty), 1 87, 164 

Because of the use of the metes-and-bounds method ol survey the location 
of this tnwt cannot be given exactly In the doesd of transfer the call to given as 
follows "Beinnning at a red oak, white oak and a hickory, N 69 degrees E, 80 
poles to a stake, N 21 degrees W, 80 poles to a stake, S 60 degrees W, 80 poles to 
a stake, 8 21 degrees E, 80 poles to the beginning 

“ JW Book (Pulaski County), 1 66^9 The deed was recorded on 
Matoh 16, 1802 

^ Court Ropord Book (Pulaski County), 1 104 This new committee was 
named on April 28, 1801 
u /bid , p 72 


» /bid , pp 908-209 


** nnd,p 241 
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aftor tho pstablishment of the county, the county court no longer had 
to depend on the favor of its members for a place to hold its sessions 
The contract mentioned in tin records docs not mform us as to the 
charaet(r of this permanent structure No doubt it was similar to 
the budding erected at about the same tune for the Waynt County 
court This later eourthous* was of good Iw wn logs, *^0 by 20 feet, 
2 stones high, with 2 floors and 2 doors 

TH* GROWTH OF SOMtttSfT APID FERGUSON 

Somerset, from its founding to the C ivd War, resembled any of 
the few surrounding county seats Its population ^^aa small and its 
connt (tions with the outside world \^erc infi nor The mam funetion 
of the to\ni was that of gov ermng and serving as a minor distributing 
center During the Civil War tho town rose in prominence It 
servid as division headquarti rs for part of the Union Army of the 
Ohio whkh, in the early years of the War, was endeavoring to break 
the Confederate defense lines which lay along the Cumberland River 
It was also the supply base for operations m this si etor The necessity 
of moving supplies to the advarice base forced the Army to improve 
transportation faeihtns from the north It was even proposed by 
General Burnside to budd a railroa<l from Lexington to Somerset to 
aid in moving supplies 8oufhv\ard and so to rehevt the heavy burden 
placed on the Louisville and Nashville Railroad in transporting sup- 
plies into southern Kentucky and northern Tennessei 

Ihe first decade after the War brought the construction of the 
Cmcinnati Southern Railroad This was later leased to the C incln- 
nati, New Orleans and Texas Pacific, which is, in turn, controlled by 
the Southern Radway Company With the advent of the railroad 
the nucleus of Ferguson was established Somerset has remained a 
division point on the South<rn which has meant the continuation of 
the roundhouse and shops first established at what is now Ferguson 
when the end of the rads was at Somerset The importance of the 
railroad to Somerset is reflected in the considerable increase in popula- 

>• Court Rewrd Book (Wayne County), A 7 

” Engineer Gunn made hw report to General Burnside on September 18, 
1883 For this report see OJficuU Records War <4 the Rehelltonj Series I, 
XXX, Part 2 599 ef (Washington, 1872^80) 

» The railroad was oompkted from CHneinnati to Somerset In 1877* and 
trains were operated so far south It w as completed to Chattanooga, the south- 
ern tenxunal, aud trains were running over the whole Une by 1880 



Urban Area %n Kentucky 


299 


TABLK I 


Population 


Census 

year 

Pulaski 

County 

Somerset 

Fergason 

1790 

1800 

1810 

1820 

1830 

3,161 

6,897 

7,597 

9,500 

231 


1840 

0,020 

238 


1850 

14,195 

412 


1860 

17 201 

b62 


1870 

17,670 

587 


1K80 

21 318 

805 


1890 

25,731 

2b2o 


1900 

31,923 

3,381 


1910 

36,986 

4,191 

401 ♦ 

1920 

34,010 t 

4 672 

529 

1930 

35,640 

5,500 

532 


• FerjtUHon incorporate d ni 1906 

t McCreary County organiisod in 1912 from parU of Pulaski, Wayne, and 
WhitJey countiea 

tion dunng the ensuing decade (Table I) It became a colUcting and 
distnbutmg point of importance for this section of tin state This 
position it retams today, aidtd by tht improved luglmays winch have 
been constructed or are plamied to radiate from the city 

THE PREBBNT-DAY SOMERSET FERGUSON URBAN AREA 

The present main functions of Somerset arc those of government 
and commerce 1 ransportation is the doimnant function of Ft rguson 
Somerset ejosts separately as an urban centtr servmg the rural com- 
mumty about it Ferguson rehes to a considerable degree upon 
Somerset to perform many of the usual urban functions and could not 
exist m an unaltend foim without that center 

Throughout the combined urban area the street pattern is ex- 
tremely irregular except m the ongmal center of Somerset (Map 7) 

^ The detailed mapping of the functional aroa« of the political city of 
Someraet wae done by the University of Michigan geography field party under 
the direction of Professor P E James during tlie summer of 1931, and the mapping 
of euiface configuration was dune by P K James and H M Kendall dunng the 
same summer Only a brief recoonaissanoe of the political unit of Ferguson was 
made 
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Map 7 Functional map of the poUtloal pity of SotnMMrt 
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There the rectangular pattern of streets gives evidence of a planned 
arrangement The onentation of the pattern results from the layout 
of the original plot of land purchased as a town site The mam street 
extends from this ongmal unit to form one of the branches to which 
the rest of the pattern is tied This street follows southward down the 
easiest slope of Sinking Creek Valley, crossing the valley bottom 
where it is relatively narrow and ascending rather more abruptly 
to the upland on the southwest Northward from the center the mam 
street contmues m its ongmal direction until it is beyond the urban 
limits Eastward and westward from the original center prolonga- 
tions of two of the streets depart from their original direction to 
conform to easier slopes All the other streets are lied to this frame- 
work In some parte, as m the southeastern portion of the political 
city, there is an attempted conformance to surface configuration, 
in others, as in the western portion of the political city, arbitrary 
patterns are established 

The courthouse square is the focus of the urban area of Somerset 
On the streets leadmg away from it, particularly toward the east, are 
the stores which make up the commercial core The residence dis- 
tneta are prmcipally north and east of this core There appears to 
be no regularity in the arrangement of residences of the different 
classes Superior residence is just as often backed by poor residence 
as it is by ordinary residence, nor is there any relationship between 
the type of land and the type of residence, poor residence is just as 
frequently found on good sites as on poor ones 

A definite break between the built-up sections of the political 
city IS apparent along an east-west line where the main street begms 
to descend the east slope of Smking Creek Valley South of this line 
are the homes of the people who work m the railroad shops, and mixed 
with these homes are retail stores which serve the neighborhood needs 
The residences are mostly of a poorer quality than they are to the 
north and east of the commercial core They form the northern ex- 
tension from the political unit of Ferguson The railroad shops are 
the nucleus m that instance, and the southern part of the pohtical 
city of Somerset is more closely connected to them morphologically 
than to the commercial core of Somerset There is no regulanty of 
pattern in functional distribution 

The outstanding feature of irregularity is further emphasized by 
the great amount of vacant and agricultural land which exists m the 
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urban area and by the complete inadequacy, from a geographical 
point of view, of the pobtical boundaries 

CONCLUSION 

Somerset is an urban nucleus performing the functions of political 
and commercial center for an agneultural area Ferguson is an urban 
area performmg primarily the functions associated with transporta- 
tion Somerset is a selfMsontained urban unit, Ferguson is to a 
considerable degree reliant upon Somerset There is evidence of a 
spread toward Somerset on the part of Ferguson The two centers 
are not yet well articulated, but they are sufficiently well linked in a 
rudimentary fashion to be regarded as one urban area Within this 
area functional distribution is very irregular, and m only a slight 
degree is it related to the Items of the natural setting 

UmvKBSiTT or Michioan 



THE HIGH PLAINS OF MICHIGAN 

CHARLES M DAVIS 
I INTRODUCTION 

T he High Plains of the northern part of the Southern Peninsula 
of Michigan are formed by a skeleton of moraines filled with 
sandy outwaahee The moraines not only bound this area but also 
traverse its surface in a complicated yet quite orderly network of 
hills Clay till plains of varying magnitude cling to the bases of 
these hills and extend out into the seas of sandy outwash which fill 
the mterstices 

The surface features of this upland result from glacial deposition 
and, as yet, are httle altered by erosion The porous sandy soils 
absorb the rainfall, so that the few streams have httle power The 
pattern of the drainage is coarse m texture, streams are far apart 
and the interfluves are broad and dry Lakes occupy some of the 
depressions and swamps border the streams Over most of the sur- 
face the dramage through the sod is excessively rapid, but in some 
places It IS so slow that broad expanses of swamp form the land- 
scape 

Most of this surface is covered by forests of several associations, 
from the deep shade of beech and maple and the sunny thickets of 
oak and poplar to the open plains of jack pme and sedge Ail thesi 
forests bear the scars of cutting and burmng 

The present occupanee of the area is concentrated on the heavier 
soils of the more loamy hills and the till plains or around the lakes 
Here the houses, fields, and barns of continuous agnculture mark the 
landscape Yet even here the land retains the aspect of a frontier, 
houses and bams made of logs, pastures and fields uncleared of 
stumps, and the forest sharply bordering on the cultivated land — 
these things and many others indicate that the occupance is not 
complete 

The Umdsoapes which make up the High Plains are nqt static 
Ttrehty thousand years ago, perhaps, they lay beneath the ice of 
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the tontmtntal glacier As the postglacial climates changed over 
the area the landscapes were altered accordingly Then came man 
with the tools of his culture, which radically altered the aspect of 
the area Everywhere in the High Plains one can see the marks of 
relict landscapes, forests of poplar and oak are thickset with 
stumps of pines, fields once cleared are now abandoned, mills have 
saws which are no longer turnmg, towns decay, and villages have 
disappeared A new order has superseded the old, the rotting 
stumps are hidden by new forests, the rottage has replaced the lum- 
ber camp, the fisherman wades the streams where once the lumber- 
jack drove his logs, and the motonar crosses the sandy plains m 
the tracks made by the high-wheeled logging carts 

What we see m the High Plains today is but a phase m a pro( ess 
which changes visibly from decade to decade In three quarters of 
a century, within the memory of men still alive, or the time m which 
a pine might have grown from a seedling to a tret, the hills and plains 
have endured many rhangts They have been stripped of their tim- 
ber, have lieen burned and reburned, have been settled, cultivated, 
and abandoned Nature m her patunt way has covered up the 
wreckage of each change and continues building the forests upon 
the pattern of the soil 

The position of the High Plains area on the patterns of the world 
distribution of geographic facts undoubtedly underlies the nature of 
its geography, but these larger patterns do not orient its internal 
differentiation 

On a world scale the High Plains he close to the equatorward 
margin of the well-watered lands of severe winters This equator- 
ward position somewhat modifies the long cold winters and the short 
cool summers and permits the area to be reached at intervals m 
the winter by warm air masses of tropical ongin which break up the 
unrelenting coldness of the lands farther north The variations of 
temperature and rainfall within the area form a regional climatic 
pattern which apparently has little correlation in the landscape pat- 
tern, either the climatic differences are not critical or they are over- 
shadowed by edaphic variations which are not climatically induced 

Although the area lies entirely within the climatic lunits of the 
deciduous forests, the edaphic conditions do not everywhere permit 
the growth of this kind of forest The differentiation between de- 
ciduous and coniferous forests seems to be a function of varying tex- 
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ture and moisture content of the soils, which, themselves, in spite 
of their great diversity, are as a group transitional between the 
brown-forested soils of the central eastern United States and the 
podsols of the north 

The relation of the High Plains area to the world distribution of 
cultural forms is that of a rather sparsely populated rigiori on the 
poleward margin of one of the central areas of Occidental culture 
Its present occupanoe is the relict of a general withdrawal of pop- 
ulation following the collapse of a settlement mduced by exploitive 
lumbering The agriculture by which this population survues is, m 
general, an unprosperous and declining portion of the Hay and Forage 
Region of northeastern United States and southeastern Canada 

Ihcsc facts of distribution on a geographic scale ^ set broad limits 
to the nature of things m the High Plains Within tlwsc limits, 
however, the internal differentiation of the area is oriented by the 
Imcaments of a subordinate or a chorographic pattern the details 
of which obscure any effects of the larger or geographic patU rn 

The pruicipal natural landscape-forming elements, surface, 
dtamage, and soil, and the resultant landscapes within the High 
Plains are arranged upon the lines of this chorographic pattern, 
the lineaments of which form the master lines of landscape dis- 
tnbution within the area The form of this pattern is the shape taken 
by the glacial front at various stages m its melting and is preserved 
by the surface features and soil matenals laid down by the ice in its 
retreat Upon this pattern are onented the landscapes which col- 
lectively express the geographic aspect of the area Where these are 
characterised by forests the lines of the fundamental pattern are 
clear, but where cultural forms are dominant the pattern is vague 
and obscured by an early stage of occupance not yet adjusted to its 
differences 


II THE BASES OF THE LANDSCAPES 

THB SUKFACB PATTEKN 

The surface quality of the High Plains results from the inter- 
spcrslon of moraines, till plains, and outwashes lu a pattern left by 

* "Qeegraphio soale" in the sense of world distribution as contrasted w^h 
“ohf»ogra|iflio’* and “topographic'" scales denoting increasing dc^eea of detidl» 
W advanced by P E James in “The Terminology of Regional Deeciiption, 
Ann Am Am Q«og,2^Cl) «5 1084 ^ 
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the rotroatmg Ice of the Wteconsm glaciation deeply underlain by 
previous sandy drift (Map 8) The depth of this underlying drift 
has been attributed to the mterlobate accumulations of previous 
glaciations^’ which the Wisconsin glaciation added to and reworked 
The present distnbution of surface forms may be cxplauied by 
the way m which the lobca of the glacier moved across this upland 
of earlier deposition From the ice basins, which are the present bods 
of the Great Lakes, the lobes moved inland, overrode the older drift 



Maf 8 

and converged, the western ice, or the Michigan lobe, meeting the 
eastern ice, or the Saginaw lobe, and then moving on southward 
At the time of the glacial melting these lobes separated over the 
High Flams area, forming first the rugged knob-and-bamn stretch of 
the Xnterlobate morauie (Map 9) and then at the edges of the area 
the bordering moraines, the Michigan moraine * on the west, and the 
West Branch system on the east 

* Leverett, Frank, Surface Ocoiofy and AyncaUunU CcndUifina of Mtekiyany 
Mich Ocol and Biol Sure t Publ 25, 0«ol Ssriiss 21, p U4 LMisin|, 1217 

* For lack of a name in exiidlng Uteratare, this first moraine of the Miehi* 
gan lobe in the High Flalns area Is eaUed **the Michigan moraine'' in this paper 
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Map 9 


The gap between the Michigan and the Saginaw lobes was 
spanned by thumer lee, which melted rapidly, forming a recess toward 
the northeast The progress of this retreat is marked by four chains 
of morames which connect the Michigan with the West Branch sys* 
tarn, between some of them lie broad tUl plains The northeastern 
extent of this melting recess is marked by four large plateau-like mo- 
ndnie masses close to the northern comer of the High Flams area. 

Continued melting removed the ice from the High Plains, but 
ti made cme more readvance, which carried the lobes as far as, but 
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not into, the area For a long tune the melting edge of the glacier 
lay upon the sides of the upland and built up the Port Huron moraine, 
which forms the northwestern and northeastern boundary of the 
High Plains area from the Manistee River to the Au Sable 

Within this skeleton of moraines he four principal and several 
smaller till plains, but most of the area is covered with sandy out- 
wash laid down by the waters of the glacial melting In some placea 
these outwashes are wet and waterlogged, but ordinarily they are 
deep and dry The depth and the porosity of the underlymg ma- 
terial are strong factors m accountmg for the aridity of most of the 
sods upon the plains 

The pattern made by the moraines, till plains, and outwashes 
m the High Plains area (Map 8) is the skeleton of the master lines 
upon which both the past and present landscapes have been dis- 
tributed 


THE DUAINAGE PATTERN 

The water from the glacial melting was earned away from the 
upland and to the lakes at the time of the glacial retreat The 
courses of the glacial nvers were determined by the ice lobes, which 
were at the same time laying down the surface features The present 
nvers flow m the old glacial channels as distinctly underfit streams, 
and the pattern which they make is one mherited from the glacial 
front They appear to bend their courses around moraines (Map 9), 
but the cause-and-effect relationship cannot be inferred, since both 
are the simultaneous product of the same agent They should not, 
therefore, be classed as simple consequent streams, but as conse- 
quences of ice forms which no longer exist 

The knob-aad-basin surface of the moraines, particularly on the 
western side of the High Plama, is dotted with numerous smidl lakes 
in all stages of the process of being filled in by vegetation (PI XLV, 
Fig 4) The outwash areas are similarly pitted, but most of these 
pits are dry In a few places large lakes, such as Higgins, Houghton, 
and Missaukee, have resulted from depressions on tfll plains or pits 
formed by large ice blocks left buned by the glacial retreat 

The patterns made by the lakes and streams are oriented upon 
the master lines traced by the surface The streams and landforms 
are simultaneous phenomena of the same agent, and the lakes are 
subsequent features on the same pattern The association of the 




quently, the outwash may veneer heavier deposits with a thin mantle 
of sand, which causes slow drainage and a high water table In the 
recess between the Michigan and the Sagmaw lobes, the meltmg 
ice deposited heavier material m the form of till plains Close 
to the high Interlobate moramo these have remained uncovered 
as the principal till pl^ns in the area, but to the northeast this 
heavier material has been covered with a thm layer of outwashed 
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sand, forming the great swampy district around Houghton and 
Higgms lakes 


THE SOin PATTERN 

The texture of the material which was deposited as a moraine, 
a till plain, or an out wash is generally characU ristic of the particular 
landform For this reason the pattern of the soils which result from 
the wcathermg of this matonal shows a general correspondence with 
the pattern of the surface (Map 10) Where this weathering took 
place under conditions of normal dramage, it has resulted m sandy 
soils of podsohc nature ♦ Where the drainage is slow the soil develop^ 
ment proceeds m a manner different from that upon the well-<iramed 
material, vegetation is the chief matrument m building and the 
resultant soils are the organic group, peats and mucks (Map 10, 
No 8) Intermediate between these two groups is another, which is 
formed by an intimate association of wet sands and loams found on 
somewhat poorly drained till plams and along streams (Map 10, 
No 7) 

The material deposited m the vanous classes of glacial landforms 
had characteristic texture The heavier clayey and somewhat stony 
maticnal of the till plains weathered into heavy sandy loams (Map 
10, No 0), the heterogeneous material of the moraines into light 
sandy loams and loamy sands (Map 10, Nos 2<4) , and the outwashes 
into light loamy sands and sands (Map 10, Nos 1,6) In addition to 
the texture differences, there seem to have been considerable differ- 
ences m the composition of the material deposited m the western 
part of the area by the Michigan lobe and that deposited m the 
eastern part of the area by the Saginaw lobe The former contamed 
more lunestone * and clay, which produced in weathering a cementa- 
tion which has given these soils a somewhat higher moisture content 
than the similar soils from the material deposited by the Saginaw 
lobe This difference in acidity and moisture content between the 
moramic soils of the western moraines (Map 10, No 4) and the 
eastern morainlo sods (Map 10, Nos 2-3), and corresponding 

* Veatoh, J 0 , Sohoemnann, T^ee Roy A , and others, Sotl Survey <4 
katita CourUyf Mtchaganr XJ B Dept Agno , Bur Cbem and Soils, Series 1037, 
Ko 28, p. 83 1031 

* Leverett, Frank, and Taylor, Frank B , Tht PtetOoceM <4 /ndtono ond 

Mkiv^gan and th* cf lAe Great taktHf V S ChU Burv , p 334 

Washhigton, 1015 
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differences between the western and the r astern outwash soils 
(Map 10, Nos 6 and 1, respectively) is not great, but apparently is 
ecologically critical, for the western soils bore broadleaf or mixed 
forests, while the eastern bore coniferous forests In the present 
landscape quality of the High Plams art a this difference is even 
more striking, for the western sods ha\ c ia en taken up as the agri- 
cultural districts, while the easUrn nenU have fallen into wild land 
and public owmership 

On the geographic scale • climatic forces arc the primary agents 
m soil formation, but the diversity and the intimate association of 
the soils of the High Plams must be attributed to their recent origin 
from different kinds of glacial deposits Although the soils of the 
western and the eastern parts of the area are different because of the 
lithologic difftrences of the materials brought in by the two lobes of 
the glacier, still the patteni of distribution of the soils in all parts of 
the High Plains area corrdates strongly with the paiUrn of the 
surface features Ihus upon the chorographic mould is drawn the 
third of the master lines of the landscai^e-formhtg elemtuts 

THE DEVELOPMENT OF THE ORIGINAL FOREST COVER 

The history of the cover in the High Plains has been one of 
constant change From the sterile sand laid down by the glacier 
ten or twenty thousand years ago there developed a succession of 
forests ending in that which the lumbermen cut away, and smee then 
the hills and the plains have been more or less mantled with trees 
Vegetation is seldom m a static condition Even without the 
interference of man a forest passes through a senes of stages, each of 
which prepares the way for its successor, until the progression 
reaches the type most favorably suited to the climate If the nature 
of the sod IS such that the climatic climax cannot be supported, the 
succession cannot go on to its ultimate Thus, m an area of diverse 
soils, several mdividuai associations might he found, each of which 
represents an arrested step toward the clunatic climax 

Upon the master lines of the surface, dramage, and soil the de- 
velopment of the forest cover proceeded, conditioned by three 
factors normal forest succession, climatic change, and soil diff^- 
ences Whitford, without recognising clunatic change, traces the 

* Se« note 1 

^ '^Oenetio Development of Forests,'' Boi Qok , 31 289-335 1901 
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history of the forests of northern Michigan from the heath stage 
following glaciation through the spruce and the pine, and eventually 
to the broadleaf climax Each association was succeeded by another 
after it had added humus and thus changed the condition of the soil 
The study of fossil pollen m peat bogs has produced convincing 
evidence of postglacial climatic change Soars,* m summarizing 
the results of American and European investigators, has postulated 
a senes of five definite postglacial climates The penod immedi- 
ately preceding the present is postulated as a warmer drier stage, 
which gave way to the cooler and more moist conditions of the 
present 

Whatever may ha\e been the nature of the previous cover, the 
warm dry penod, postulated above, must have induced a vegetation 
radically different from that which has existed m recent times 
Most of the soils of the High Plains are droughty, and the small 
amount of moisture available to plants is one of the chief factors in 
limiting forest growth Any considerable decrease m moisture 
from that which exists at prisent might prevent forest growth over 
much of the area and limit the heavier soils to the production of the 
more xcnc trees With the advent of cooler and more moist con- 
ditions, accompanied by increase in soil moisture, the forest suc- 
cession toward the climatic clunax began, from jack pine, through 
Norway pine and white pine, to the climax of the broadleaf associ- 
ations At the tune of lumbering the forests of the High Plains 
represented all stages and mixtures of stages of such a progression 
which had been stopped or slowed down by the varying aridity of 
the soils (Map U) The pattern of this original forest is oriented 
along the master Imes of surface, drainage, and soil 

The drier eastern parts of the High Plains area were originally 
covered with pines On the deep, dry sands of the outwash plains 
the forest succession had not progressed beyond the stage of an 
open stand of jack pmes with a lighter or a heavier admixture of 
Norway pmes and a few white pmes indicating the direction of change 
On the somewhat heavier soils of the moramic hills the forest suc- 
cession had gone one step farther Here the Norway pine was the 
dominant species, accompanied by a heavy mixture of white pmes 
and a scattenng of oaks On a few of the more moist outwaalies, 

* "dinuitic Change tM a Factor in Forest Suocoaeion,'’ Joum For , 81 084- 
942 1083 
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particularly m plains along the Manistee and the Muskegon nvers, 
the white pmes occurred as an almost pure stand 

In the western parts of the area the succession had gone forward 
to the st£^[e of dominance of, or a heavy mixture of, the broadleaf 
ttees The genetic differences lietween the eastern and the western 
sods (see p 310 ) were critical between the pmes and the broadleaf 
trees at ^at stage m the succession On the Interlobate and the 
southern part of the Michigan moraines the white pme was still the 
dominant tree, but the maple, birch, and beech were present as a 
heavy aubdominant association Here, apparently, the succession was 
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somewhat slower than m the northwest, and the broadleaf trees had 
not yet supplanted the pmcs Farther north, on the northward ex- 
tension of the Michigan moraine (Map 11), the broadleaf trees had 
become the dominant association and the pines the subdommant 
Still farther north, on the western limb of the Port Huron moraine 
and some of its outwashes, the broadleaf climax had been closely 
approached, smee only relict white pines indicated the course of 
succession 

On the heavier soils of the till plains the succession had gone on 
to the broadleaf stage m all parts of the area, but in these situations 
there was a differentiation between the well-drained and the poorly 
drained till plains Where the sag-and-swell surface was well de- 
veloped and the drainage rapid, the forest cover was dominantly 
maple, birch, and beech, with a greater or a lesser admixture of white 
pine In areas of flatter surface and heavier soils and slower drain- 
age the broadleaf trees were represented by the lowland associa- 
tion, elm, ash, basswood, and red maple, mixed m varying degrees 
with white pme and Norway pine 

The succession of forest associations on the upland soils bad ap- 
parently not been matched by a similar succession on the peats and 
mucks The most common association on the organic soils is the 
cedar-spruce- tamarack forest, with the general association of the 
balsam (PI XLV, hig 4) It would appear that this is the most 
persistent of all the types in the High Plains through the vitissitude^* 
of time and climatic change Forest differentiation in the High 
Flams area, both areally and through time, is closely related to avail- 
able moisture m the soils, and ui this factor the waterlogged areas 
seem to have been fairly constant 

The distribution of the original forest cover of the High Plains 
area m such detail as it can now be reproduced oriented itself upon 
the pattern of the master lines drawn by the surfac^e, drainage, and 
sods In the eastern part the more porous soils formed from the 
material deposited by the Sagmaw lobe were almost entirely covered 
with pine forests, the dry outwash sands, with jack pine, the more 
moist outwashes, with wlute pine, the sandy moraines, with Norway 
pine, and the till plains, with a mixed forest dominated by the broad- 
leaf trees In the western part the more retentive soils resulting 
from the deposition of the Michigan lobe were almost evetywhere 
covered with broadleaf trees or mixtures m which the broadleafs 
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were dominant or becoming dominant The swamp association was 
foimd everywhere throughout the area on the poorly dramcd soils 

SEQUENT OCCUPANCE 

Into this slowly changing fundament of the High Plains came 
man, at first, primitive man, whose culture included only few and 
simple techniques for utilising the resources of the land, and later, 
men of more adv anced culture, with tools which changed the super- 
ficial aspect of the forest cover, but not the master lines upon w^ch 
the distnbutions of phenomena are oriented 

It is not known with any degree of certainty at which point m 
Its development this area came to be inhabited by the Indians Ex- 
cept along a few of the larger lakes and rivers the Indians did not 
live m the pine woods of the eastern part of the High Plains ® The 
broadleaf forests of the western part of the area were more attractive, 
but even here the population was scanty in comparison with that 
along the shore of Lake Michigan and m the Saginaw Valley For 
some thousand years or more the Indian lived m the forests of 
Michigan, but he made no significant changes* m the fundamental 
landscapes and left no traces of his occupance in the present land- 
scapes His canoe routes, perhaps, marked the way for the com- 
munications of the fur traders, but, m the High Plains at least, 
there are today few landscape features which can be ascribed to 
the Indians 

In the seventeenth century the French voyageurs and the Jesuits 
joined the territory which is now Michigan with the groat fur-trading 
empire which focused on Montreal These first communications 
which connected northern Michigan with the rest of the world were 
largely by canoe and did not extend far inland The French were 
mterested m fur-bearing ammais and Indian souls, and since there 
were few of either m the area of the High Plains, it remained unoc- 
cupied The Bntiah had pushed mto southern Michigan from New 
York and were m competition with the French for the fur trade 
when the territory became theirs as a result of the French and In- 
dian War The period of the Bntish control was so short (1752- 
B7) that it added little to the French settlements It was not until 
the Atnerican settlers began to pour mto southern Michigan that 

* Hiatdal«, W B, IHitrilnUion of Vio AhongtntU Populalttm <4 
Oooos Ccj«)trib fmm the Mus of Aathropol , Unlv of Mich , No 2, p 7 1932 
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the foreste were cleared and agriculture took over the land and per- 
manent settlement approached the southern limits of the High Plains 
area 

The occupance of the High Plains by the lumbermen began with 
the advent of the “land-lookers,” who, m the 1850^8, were prospect- 
ing m the area for timberlands The Land Office had surveyed the 
country and marked out the township and section lines, the land, 
including its timber, was on sale at SI 25 per acre 

There were two phases to tlie lumbering operations in the High 
Flams In the first of these, river logging, the timber was fioated 
down the streams to the mills The area which could be tapped by 
this type of operations was limited to that within easy reach of the 
main nvers and theur principal tributaries While nver logging made 
roads and trails along the streams, there were not many permanent 
settlements in the cutting areas, and the mills were located down- 
stream, usually close to the lakes In the second, or railroad, phase, 
which quickly followed river lumbering, the railroads replaced the 
streams as the mam earners, and, since logging branches could be 
built almost anywhere, this effectively cleaned up the rest of the 
timber (PI XLIII, Fig J) The mills were located along the mam 
railroads close to the cutting areas, thus bnnguig settlements and, 
in many circumstances, the beginmngs of agriculture into the forest 
lands 

Ihe distribution of the occupance of the lumbermen was onented 
along the three railroad lines which had made their way through the 
High Plains area In the early TO’s Every few miles as these rail- 
roads pushed toward Mackinaw, mills were set up to exploit the 
timber Each of these was a nucleus for settlement, around some 
of them the cutover land was taken up for garden or crop agncul- 
ture Most of these little settlements perished with the passing of 
the lumbering, but some survived as the foci of the communications 
of the hopeful settlers who took over the land after lumbering 

It is not practicable here to describe the rapid nse and the equally 
rapid declme of the lumbenng industry m the area of the High 
Flams The operators bought the land, constructed their trans- 
portation, cut off the timber, and got out The lumbenng was done 
in the spint of the expansion of the frontier Whether or not it 
mig^t have been done m some other manner to yield greater social and 
economic benefits la a matter of question As a fact accomplished, 
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it Wflfl the turning point in the development of the landscapes and 
the source to which may be traced many of their present charac- 
teristics 

THIS FACTORS WmCB CONDITIONED THE LANDSCAPES 
AFTER LUMBERINO 

The lumbering operations had radically altered the superficial 
aspect of the origm«J landscapes in the High Plains area A new 
cover was to develop upon the master lines of distribution, condi- 
tioned not only by the character of the soil and the dramage, but also 
by new circumstances which remamed from the occupance of the 
lumbermen These new circumstances are loosely grouped under 
five heads fires and their consequences, the development of the 
present forests, the begmnmgs of the system of commumcations, the 
economic consequences of lumbering, and the origin of the settle- 
ment These, working collectively and often sunultaneously on the 
old fundament, made the modem landscapes 

FTREB AND THEIR CONSEQUENCES 

The conditions which were left bebmd by the lumbermen greatly 
increased the chances for fire on the land The slash from the cut- 
ting operations was scattered on the ground, and after a year this 
became dry and made excellent fuel for a ground fire It was ex- 
pected that the debris from the lumbering would be burned when 
the country was taken up for farmmg, m fact, the trees were often 
feUed so that the slash would make windrows to facilitate burning 
The numerous men in the woods, logging railroads, mills, and settlers 
increased the agencies which might start fires There was, further- 
more, no equipment to combat fires m the woods, mdeed, there was 
no desire to stop a fire which was burning off the brush’’ unless 
it thieatened standing timber or camps The idea that the fires 
were burning out some of the humus in the soil or rummg the game 
oovelr was not yet widely recognised 

After the cessation of the lumbering operations and the collapse 
of most of the settlements which these had attracted, the pine- 
lands became almost deserted The fire season began m the middle 
of the summer and lasted until the fall rains dampened the oovgi^ 
The pungent odor of burning wood and the sight of reddened sun- 
sets through smoky air were the everyday experiences of those who 
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traveled through the wild lands There was no organization to do 
anything about it When fires approached settlements they were 
fought by backfires and plowing, while the clergy assisted with 
prayers for ram Away from the toi^ns, where new forests were 
growing to replace those cut away, the fires burned fiercely year 
after ytar, “clearing off the brush” (PI XLIII, Fig 2) 

The changes \n the character of the cover which developed after 
lumbering must be attnbuted more to the fires than to the cutting 
The lumbermen nowhere cut the land clear of timber, there were 
always young and “cripple” trees left, and these might have repro- 
duced the forests except for the fins Repeated burnings effec- 
tively destroyed the seed trees of certain sptcies and introduced a 
new factor into the forest succession, for some trees survive fire 
better than others 

THE DEVELOPMENT OF THE PRESENT FORESTS 

The first stage of the development of the forests m the High 
Plains area opened with the retreat of the glacier and had proceeded 
toward the development and distribution of climax and subclimax 
types roughly corresponding with the pattern of the soils The prog- 
ress of this phase was interrupted and terminated by lumbering and 
fires, and the stage was set for a new cycle under conditions some- 
what different from the first 

On the dry sandy plains, which had formerly been covered with 
an open forest of jack pines and Norway pmes, with a few white 
pines present, the jack pines alone returned m abundance and formed 
a heavy clumpy cover (PI XLV, Fig 2) The jack pines are natural 
“fireweeds ” The cones which enclose the seeds are tight resinous 
jackets, which neither rot nor open easily, but when a fire bums 
over these buned cones they pop open and the seeds sprout The 
dominance of the jack pines on the plains today lies, perhaps, m 
this abdity to withstand burnings and in the reduction of the Nor- 
way pines by fire until they were incapable of reseeding the plains 
m competition 

The dry, gravelly, sandy, moraimc hills of the eastern part of 
the High Plains, which ongmally bore the forests dmxunated by Nor- 
way pines, are now covered by the oak association The oaks also 
owe theur prominence to fires In the onginal forests of these hilb 
the oaks were present, but were distinctly subdoxmnant trees, which 
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mjght be considered the forerunners of the broadleaf association 
The fire-resisting qualities of the oaks result from their ability to 
sprout from undamaged roots after the rest of the tree has been 
killed by fire Repeated burnings reduce the oaks to clumpy brush, 
but serve to kill out other trees and to emphasize the dominance 
of the oaks (PI XL\,Fig 1) 

On the soils whi<h wire somewhat more moist than those bear- 
ing the jack pines and the oaks and where agriculture did not im- 
mediattly take up the land, the poplar-birch association, which had 
hitherto existed as a minor type, came swiftly into prominence and 
covered great areas of land Ihc widespread distribution of this 
association may be accounted for by a combination of facts the 
ease with whuh the seeds are spread by the wind, the rapidity of 
growth, and the wide range of tolerance of soils The poplar- birch 
association also includes m some places the subdominant attachment 
of th( fir( cherry and the red maple, and thi poplars themstlves arc 
found m almost all the other associations m the High Plams area 
In spit( of its wide areal distribution the poplar -birch is an ephem- 
eral type It rapidly occupies burned areas and dev elops a heavy 
forest growth, but, unless repeated fires occur, pines, oaks, or other 
trees force it out 

In the eastern part of the High Plains, the old pinelands, new 
cover associations, jack pine, oak, and poplar-birch have taken over 
the land Although somewhat oomphcMed by the ubiquity of the 
poplar-birch, the distribution of these new types (Map 12) follows 
closely the master lines of the surface, drainage, and soils which con- 
ditioned the distribution of the original forest tyjics 

The cutting and burning which so radically alUred the charac- 
ter of the forests m the eastern part of the High Plains did not so 
strongly change the western part There the soils which bore the 
forests of mixed pme^ and broadleaf trees were appreciably more 
fertile, and the agriculture which followed m after the lumbenng 
spread and took over much of the land Those areas which were 
not so occupied have been slowly reproducing the original broadleaf 
cover, but without the relict pines Where the land has not been 
heavily burned the seed trees of the maple, birch, and beech on the 
uplands and the elm, ash, and red maple on the lowlands are strug- 
ghog to dominance against the quick-growmg poplars (PI XLV, 
Pig 3) On land which has been heavily burned, or where the soil 
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is 80 poor as to make the growth of the broadleaf trees slow, the 
poplar has dominated the forest 

The pattern of the distribution of the new forests in the western 
part of the area is not nearly so clear as it is m the eastern part 
The occupance is of an early stage, and is not yet adjusted to the 
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ever, the landscape quality of the forest reraamed the same both be- 
fore and after the lumbering period 

THE BEGINNINGS OF THE SYSTEM OF COMMUNICATION 

Previous to the time of the lumbermg the High Flams was an 
area almost isolated from the rest of the United States The mam 
lines of the railroads, which were built in part at least to facilitate 
the lumbenng, provided these connections The railroads and their 
ixiBXky logging branches and the fine network of the lumbering roads 
and trails were primanly constructed for the purpose of gettmg the 
logs to the mills and the finished products to the market The sys- 
tem was not laid out with the idea of its future utihty to settlers 
who might take over the land In spite of its origin the system of 
lumbering commumcations served the needs of the first settlers and 
still provider the cultural circulation through the unsettled parts of 
the area 

The lumbermg roads enabled the settlers to get mto the country 
and provided communications for a short whilo* but they were not 
very well suited to the circulation of an agncultUral district Where 
settlement endured they were replaced by a right-angled road pat- 
tern Those parts of the onginal lumbering communications which 
still persist in the landscapes of the High Flams are relicts of an 
occupance which has passed They are preserved because no other 
features have supplanted them or because they have become func- 
tional in the communications of the new occupance The lumber- 
ing roads do not underhe the pattern of the present circulation, but 
they served the purpose until another way could be set up 

THE ECONOMIC CONSEQUENCES OF LUMBERING 

The lumbermen regarded the pinelands as part of their stock m 
trade They had purchased the land for a fraction of the stumpage 
value and, when the timber was gone, the land was a by-product 
to be disposed of at a profit, if posable, or discarded if necessary 
Neither public nor private consciousness believed that the lumber 
industry owed anything to society for the harvest which it had 
reaped without sowing The business of the lumberman was timber, 
not lcmd| but the land remained It was supposed, generally, that 
agneulture would follow after lumbering and that a period of adjust- 
ment and tax delmquenoy in between was mevitabie 
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In the western parts of the High Plains this anticipation was 
realized, but m the east the scattered agricultural settlements col- 
lapsed with the withdrawal of the lumbering industry In a few 
places this was bolstered up by land booms which served only to delay 
the process Directly or indirectly, the land became tax-delinquent 
and was “bid to the state*’ at tax sales By 1934 the state found 
itself in the landholding business to the extent of about throe million 
acres, and had arn\ ed at the conclusion that most of this land was 
unsuited to agricultural settlement Wherevtr it was practicable, 
this land has been “blocked out** into state and national forests, 
state parks, game refuges, and public hunting grounds The most 
important landscape quality which has resulted from this change to 
public ownership has been fire protection and reforestation, which 
has hastened the dovelopnu nt of the new cover 

There are still large areas of the cutover lands which are in pri- 
vate ownership Some of this is in hunting and fishing clubs, some 
is used for other purposes, but much is htld for speculation A great 
share of the land in the second class wt ms destined for public owner- 
ship In time, under protection, the wild lands will become forest 
lands, and the sandy soils will bear another crop of timber In what 
manner this crop will be harvested may depend upon how tmn has 
changed public and official consciousness since the earlier harvest 

THE ORIGIN OF THE SETTLEMENT 

The lumlw mdustry moved into the High Plains without any 
preexisting structure of occupance on the land The comps were 
far from the sources of supplies, and food for the men and forage 
for the animals were costly Local produce found a ready market 
and a high price 

There were among the lumberjacks many who had been farm 
boys, who knew how to cultivate and who knew the difference be- 
tween the light dry sands and the heavier soils It Is probable that 
the better spots of sod were taken up first, but proximity to the 
some of lumbenng operations and i>o railroads must have been of 
equal importance m guiding the choice of land for homesteading 

Where the sod was favorable to the crops which were planted, 

“ From the inventory of some of these lands made by the l^nd Economie 
Survey of the Michigan Department of Coneervatioik much of the basic material 
of this paper bee been drawn 
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especially m the southwestern parts of the area, the settlements 
spread from these nuclei as the land was cleared by loggmg (PI 
XLIII, Fig 3) Pioneer fanners came m over the railroads until 
most of this southwestern area is now occupied by agriculture and 
forms one of the landscape tjrpes which make up the present ex- 
pression of the High Plains (PI XLIV, Fig 1) 

In the eastern parts of the area most of these seeds of settle- 
ment” fell upon t>oorer soils and when the lumber camps with their 
high prices and ready markets moved away these settlements col- 
lapsed Ihere was a “wholesale abandonment of farms” m the pine 
country In spite of “various intensive real-estate sellmg schemes” 
the land was not taken up, and it slowly reverted into wild land 
and into tax delinquency 

Wherever a null was established along the railroads a nucleus 
of people grew up around it Irom these agglomerations of the lum- 
ber industry can be traced the origins of almost all the towns in the 
High Plains It was mevitable, perhaps, that most of these would 
disappear, since they were located with reference to available pine 
timber and to milling operations The degree to which they have 
prospered and remained in the present landscapes of the High Plains 
probably is due to other, and then unforeseen, advantages of situa- 
tion and to the concentration of supply function which they de- 
veloped in the period of their existence as lumber towns All of them 
have experienced a more or less rapid decline m population since 
the decade after the peak of lumber operations 

Many of these sawmill towns have been wrecked or burned and 
have vanished completely from the landscape A great number 
exist as a few houses around a railroad station or a collection of 
weather-beaten shacks clustered around the foundations of a wrecked 
mill and surrounded by abandoned and unproductive fields Even 
those towns and cities which grew to the greatest size and were the 
latest to decline are definitely falling from their peak populations 

III THE PEOPLE AND THEIR COMMUNICATIONS 

Even in its most favorable locations the density of the popula- 
tion on the High Plains does not equal that of the agricultural lands 
southern Michigan The most peculiar aspect of the distribution 
of this population is the variations in the patterns which it forms 
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Spots which lack habitations are embedded m areas of relatively 
dense population, and there are wide expanses which are almost 
uninhabited 


THB POPULATION PATTBBN 

The pattern of the distnbution of people in the northern part 
of the Southern Peninsula of Michigan is formed by the intersper- 
sion of areas of relatively dense population with areas of relatively 
sparse population (Mi^p 13) Witlun this pattern there can be rec- 
ognized in the most general way throe relatively dense areas The 
first of these is the northward extension of the agricultural area of 
southern Michigan, which reaches approximately to the latitude of 
Saginaw Bay The second is the concentration in the fruit-growing 
and recreation district along the western shore The third, which 
might be considered an extension of the first, Is the agricultural 
districts of the south and west portions of the High Plains 



326 


The High Pimm of Michigan 

This third division is in itself composed of two parts roughly 
divided by the Manistee River South of this nver the Michigan 
and the Interlobate morames and their associated till plains are gen- 
erally covered by agriculture (PI XLIV, Fig 1) North of the river 
a narrow strip of population extends along the Port Huron moraine 
and some of its outwashes The rest of the High Plains area is 
sparsely populated by widely separated, small concentrations local- 
ized by spots of good soil or other factors of situation The area 
between these concentrations is unoccupied except for single dwell- 
ings, which are ordmanly hunting or fishmg camps 

These gross features of the population pattern when exammed 
in detail ore found to be composed of subordinate patterns simi- 
larly composed of a design of lighter and denser settlement Wher- 
ever detailed soil maps are available, these lacunae in the population 
patterns can be seen to coincide with areas of drier and more sandy 
soils In the northward extension of the belt of denser population 
along the Port Huron moraine the lacunae in the population pat- 
tern do not always correspond to the poor soil areas Here the set- 
tlement IS later and not so successful as m the southern parts of 
the area, and its uneven distribution represents, perhaps, a peopling 
which has not been carried on far enough to ^just itself to soil 
differences (PI XLIV, Fig 2) 

In its larger aspects the pattern of population concentrations cor- 
relates m general with that of the areas of heavier and more pro- 
ductive soils, but this correlation does not exist in all places or m 
detail The causal relationship between the soil and the popula- 
tion densities can be advanced only m the sense that some of the 
80x1 types were more successful than others in supporting the agn- 
cuiture which the settlers brought into the area 


THB C0X7RSS OF SEITLKICBNT 

Prior to the lumbering operations the southwestern parts of the 
High Plains, which are today the most populous, were heavily for- 
est^ The area was without railroads, and the settlements were 
amaff and scattered. The inhabitants were probably part-time fari% 
ers and primarily engaged in trading and trapping and in the small- 
scale lumbering prior to 1865 Settlement followed qut^y after 
railroads had been built mto the area and lumbering operations had 
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cleared much of the land “ The first settlers immigrated from 
New York, Pennsylvania and Ohio, primarily to engage in lumber- 
ing and tradmg Later as the country opened up many of them took 
up agricultural pursuits ’* “ (See PI XLlIl, Fig 3 ) The new set- 
tlers camo in on the railroads and probably tied their commumta- 
tions by the lumber roads to the focal points of the mill towns 

During the earlier time of the settlement of the area, hardwood 
lumbenng helped to support the pioneer farmers, providing winter 
work or additional cash income from the sale of logs from the farm 
woodiots The population increased slowly up to the decade of 
1910'20, but through all this time, the areas of lighter soils have 
not bf en taken up by agriculture These remain embedded m the 
rather even dissemination of the habitations as sharply marked la- 
cunae where forests take the place of fields 

In the northern belt of w ttlement, which extends along the Port 
Huron morame north of the Manistee River, the lumbering was on 
a much less grand scale than m the mixed forests farther south 
Here the cutting moved more slowly through the area Agriculture 
was encouraged by the markets provided by the many small lumber 
camps Not only did those employed m the cutting operate part- 
time farms but ^so there was a marked influx of settlers ** From 
1880 to 1910 there was a fairly continuous increase in the number of 
farms and in the acreage of land improved, and this served to hide, 
statistically, a smaller and local, but equally steady, abandonment of 
farms as the lumber camps moved away By 1910 most of the cut- 
ting was over, the newly cleared lands were no longer taken up for 
farms and the abandonment went steadily on Many of the farmers 
have remamed, perhaps from inertia or the lack of means to go else- 
where, and the crop systems have been changed to provide a greater 
degree of self-suflfioiency The area remains in the landscapes of the 
High Plains as a district of going, if unremunerative, agriculture 
(PI XLIV, Fig 2) 

The correlation of the distnbution of the population with the 
distribution of the other landscape-formmg elements must be ap- 
proached on a basis different from those which have earlier been 
stated as existing between the facts of the fundament The facts of 
the fundament set broad limits to the forms of the oocupance, cer- 

^ Wildennuth, R , and Fonder, J P , Soil Survey of Meooeta CoutUy^ Mtehu 
son, U 8 Dept Agrie , Bur Chem and Soila, Senes 1027, No 18, p 2 
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tain environmental complexes arc unsuited to the culture which peo- 
ple inherit, making certain types of occupance economically impos- 
sible or unprofitable and hence temporary Withm the limits of the 
economic possibility cultural forms arc solely the results of human 
actions, and their distribution is a function of their history The 
distribution of the population concentrations in the High Plains is 
the present aspect of human progress in settling the area 

THE PATTKUN OF CIRCULATION 

The system of communication binds together the features of the 
cultural landscape In an area of Occidental settlement every form 
which is functional has a path which connects it with the rest of the 
occupance The lanes which connect the fields with the farmhouses, 
tlu rural roads which connect the farms with the towns, and the 
highways and railroads wluth connect the towns with th( rest of the 
world are all aspects of the pattern of circulation In the High Plains 
the evolution of the communication system parallels the sequence 
of occupance 

When the lumbering industry moved out of the High Plains it 
left behmd the transportation system % hich it had built 1 he mam 
railroads continued operations as through earners and to servo the 
communities which had developed around the mills The country 
away from the mam lines was traversed by a network of loggmg 
roads and the grades of dismantled railroads, which were in excel- 
lent condition and which gave access to all parts of the area Over 
the districts which were not at once taken up by agriculture, this 
road system was adequate for the horsc-and-wagon transportation 
of the decades following lumbering, and is still the only way for com- 
munication over large tracts of the wild lands Where traffic was 
somewhat heavier, parts of this system of lumber roads were taken 
over as ** county roads” and improved by rutting back the brush 
and building more permanent bndges On the map of road pattern 
(Map 14) these meandering ways can be aeon leading through the 
unsettled northeastern parta of the High Flams 

Where agriculture took over the land, the lumber trails were 
speedily replaced by the familiar pattern of right-angled roads, 
which is a part of the culture of the people who occupied the land 
A strip along each section line wide enough for a road was claimed 
by the township government, and it built the roads along this m- 
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stead of acquiring other nght-of-way In districts where land has 
been abandoned or where settlement was planned but did not take 
root, this right-angled pattern remains as tbo skeleton of an occu- 
pance which failed, a straight, rutted, sandy trail enclosing the four 
sides of a square mile which differs not a bit from all the surround- 
ing wild land 

The advent of automobile transportation introduced the highway 
mto the system of communications After twenty years of use the 
roadd of the agricultural districts had become improved by widening 
and grading A little surfacing solved the automobile problem in 
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these areas Along the old lumber trails m the wild lands, now some- 
what overgrown by “fireweed” brush, it was a different story, and 
pioneer motorists still tell of their adventures of driving through 
this wilderness m the none too rebable cars of the early days For 
each one of those roads which goes somewhere there are ten which 
go nowhere They divide, cross, and unite m a mase which puzzles 
the strange motorist as it must have puzzled the dn\er of the 
high-wheeled cart fifty years ago The traveler is never sure 
whether he is on the road or on one of its miUtitudinous branches or, 
indeed, on any trail at all Until the time of the state trunk-line 
highway system such roads were the ways across th( plains 

The trunk-line highway system is pnmarily intended to provide 
a means of geitmg from one place to another, not of facilitating the 
internal circulation of any particular area It traverses the High 
Plains from north to south and from east to west with hard-surfaced 
roads in a large-scale replica of the right-angled pattern In detail, 
however, the pattern is modified to provide for fast traffic, the sharp 
turns and corners are avoided by smooth curves made at the expense 
of acquiring a new nght-of-way, and certam sections are entirely 
rebuilt to avoid other conditions 

The road pattern of the High Plains expresses the three modes 
of occupance which have marked its history the wmdmgs of the 
lumber trails, the right angles of the agncultural districts, and the 
smooth, hard surfaces of the tourist highways 

IV THE LANDSCAPES OF THE HIGH PLAINS 

It might be expected from the diversity of the soils, surface 
forms, and dramage conditions of the High Plains that the land- 
scapes which express the combination of these elements would be 
of endless diversification However, such has not proved to be the 
fact, the elements combme into relatively few types of landscapes, 
and the complexity of the landscape pattern (Map 15) results from 
the interspersion rather than from the large num^r of these types 
It IS similar to a complicated mosaic made from a few kinds of 
tiles 

The landscapes of the High Plains fall into two general classes 
The first is i^araoterised by continuous human occupation, the agn- 
c^ihural, recreational, and urban landscapes, the second, by the 
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areas unoccupied by men, which, for want of a better collective term, 
are here called the wild landscapes 

THE CULTURAL LANDSCAPES 

Hie pattern of settlement m the High Plains is composed of 
throe types of occupance The first of these, the aipicultural land- 
scapes, IS made up of the southwestern and the northwestern ajgcri- 
cultural districts and the scattered agricultural settlements in the 
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other parts of the area The second, the recreational landscapes, 
IS composed of the recreational agglomerations and the disseminated 
recreational occupance The third, the urban landscapes, includes 
the cities, towns, and villages 

THE AGRICULTURAL LANDS 

The distribution of the present agricultural lands m the High 
Plains corresponds m general with the dustribution of th< original 
broadleaf or mixed pine and broadleaf forests (Map 16) They oc- 
cupy the well-drained till plams, the mort loamy moraines, and some 
of the heavier outwashes of the western and southern parts of the 
area The three entities which compose the agricultural lands, the 
southwestern district, the northwestern district, and tlu scattered 
agricultural settlements, are differentiated not so much by th( variar 
tions m character of the farms or the crop systems as by the nature 
of the distribution of the farms m relation to the district and to the 
High Plains as a whole 

THE SOUTHWESTERN AGRICULTURAL DISTRICT 

From the Manistee River southward the Michigan and the In- 
terlobate moraines and their associated till plains are generally cov- 
ered by contmuous agriculture (Map 15) Although a considerable 
portion of the land remams in second-growth woodiota, much is 
uncleared of stumps, and abandoned fields are common, still farm 
borders on farm and cultivated fields arc the most characteristic ex- 
pression of the landscape 

This area of continuous agriculture is bound together by a right- 
angled pattern of well-graveled roads, which mark almost every sec- 
tion Imc From these the farmsteads are set back a httle distance, 
generally shaded in a small grove of trees, above which a windmill 
and the top of a silo may stand out The fields are laid out along 
the survey lines in precise rectangles of ten or twenty acres, giving 
the landscape an orderly appearance quite m contrast with the 
knob-and-basm surface of the moraine (PI XLIV, Fig 1) 

When exammed m detail, this agricultural landscape is found to 
be made up of continuous small farms of 120 acres or less Each 
of these farms is itself composed of three kinds of land cropland, 
pasture land, and woodland, all bound together and oonpected as 
a functioning whole by the farm lanes to the nerve center of the 
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fftnuyard with its buUdingB Not every farm baa all these kinds 
of land, but collectively they make up the agricultural landscape 

Orc^anly a third to a half of the farm land is used for crops 
Of this, 5 to 16 per cent is in potatoes, 30 to 50 per cent m hay, 
and 30 to 40 per cent in grams ^ From one to two t^rds of the farm 
18 m pasture, some of which is uncleared stump land, some wet land, 
and some abandoned fields The pasture land, in general, composes 
that which appears unprofitable to put mto crops, or which has 
been cropped and abandoned The woodland is potential agncul- 
tural land which has been left m woods because of the value of the 
product m the economy of the farm Commonly the woodlots are 
located on the crest of knolls or other steep slopes which would not 
mako good cropland, but they are also seen on the intermediate 
slopes or level land Perhaps in the evolution of the agricultural 
landscape the woodlots were left where the timber was the best and 
the fiel^ and pastures where the cleanng by lumbermg was most 
complete The nerve center of the farm is the farmyard Here is 
the junction point between the lanes which connect the fields and 
the road system which ties the farm with the rest of the country* 
side 

The southwestern district is the most completely settled and 
agnculturally prosperous of the parts of the High Plains The lo* 
calication of this district must be attributed to the loaminess and the 
retentive character of the soil matenal derived from the Michigan 
lobe of the glacier The soil itself did not induce the agriculture, 
but it was the kind of soil upon which the agricultural practices of 
the settlers produced enough returns to enable them to contmue to 
cultivate it 


THE ^OBTHWESTEEN AGBICULTURAL DXSTBICT 

North of the Mamstee Hiver the Port Huron moraine and some 
of Its outwashes form a long narrow district of agricultural settle- 
ment reaching as far as Montmorency County on the east side of 
the High Plains (Map 15) Wlthm this district the individual farms 
and their practices are much like Uiose of the southwestern area, 
but the pattern of theCe farms in the landscape Is different Instead 

“ Hill, B. B , Riddell, F T , and Mlott, F F , Typt$ nf Fermmg (n 
Oan, Agricultural Experiment Station, Michigan State OoUm, Speo. Bull No 
306, P eo Lansing, 1080 
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of a continuous area of fann bordering on farm, the northweetern 
district IS composed of areas of farm land separated by areas of un- 
cultivated land (PI XLIV, Fig 2) 

The unsettled parts of the northwestern distnet cannot be cor- 
related with poor soil distnbution, as in the southwestern district 
The agncultural settlement of the northwestern district followed 
after the later lumbering of the broadleaf forests and ceased to ex- 
pand to newly cleared areas when the lumbering dt dined betwein 
1910 and 1920 The result was the imprcBsion on the land of an 
early pattern of settlement, arrested in expansion and adjustment 
by the collapse of the economic support of lumbering 

THE 1801 ATED AGRICULTOUAL SETTLEMtNTS 

Scattered over the eastern and central parts of thi High Plains 
are small patches of heavier soils, in some cases small till plains, 
in others, heavier clayey places m the moraines Many of these 
bear isolated agricultural settlements 

Some of these, undoubtedly, were settled to supply the lumber 
camps with products, others by the hopeful immigrants of the "land- 
boom" days Once pioneers of the advancing agncultural front, 
these settlements have become relicts by the abandonment which 
has gone on around them Their size is limited by the extent of the 
arable soil and, because of small population, the cost of community 
functions and connections with the rest of the world is high They 
persist m the landscape, however, probably in a slowly declining 
status 


THE BECREATlONAI. LANDBCAPE8 

The cultural landscapes of the second type are those which result 
from recreational occupance Though the recreational population is 
seasonal, the forms which it makes arc permanent, and these are a 
significant addition to the cultural landscapes 

Just as the agricultural landscapes are distnbutcd m accordance 
with parts of the soil pattern, so the recreational landscapes are 
associated with parts of the drainage pattern The values which 
are usually paramount in the selection of recreational locations are 
the presence of woods and waters, but the presence of established 
faculties, congenial neighbors, and ease of accees also represent at- 
tractbns 
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The landscape quality which results from recreational occupanoe 
vanes with the type of recreation sought for In general, two 
classes can be recognized the resort type or agglomerated recrea- 
tional occupance, and the bunting and fishmg type or the dissemi- 
nated recreational occupance The first of these occupies httle total 
area, but produces such conspicuous forms as summer hotels, cot- 
tage villages, and golf courses The second occupies much larger 
areas, but produces inconspicuous forms, the cabin and the club- 
house are lost in their surroundmg wild land, and the persons who 
inhabit them seek seclusion rather than company (PI XLIV, Fig 3) 
In the High Plains there are three areas of recreational agglom- 
eration at the three largest lakes, Houghton, Higgins, and Otsego, 
and several smaller areas on lesser lakes (Map 15) The dissemi- 
nated recreational occupance is scattered over the northeastern parts 
of the area, where the lack of agriculture and the abundance of wild 
land furnish the necessary basic conditions, and where land values 
are so low that both public and private agencies may own tracts of 
land large enough for recreational use 

THS URBAN LANDBCAVBS 

As Stated earlier, the urban agglomerations of the High Flams 
bad their ongin in the mill towns of the lumbering times More 
or less rapidly all of them reached a peak of population from which 
they are now declining A few of the larger cities developed wood- 
usmg mdustnes, which extended their functional importance beyond 
the limits of their immediate trade territones and prolonged their 
period of growth almost up to the present 

From the viewpoint of distribution, those towns which survive 
m a functional sense are those in mtuatioiis which contained advan- 
tages beyond the presence of timber and mills Of the forty-three 
towns which are here considered functional, twonty-two are in the 
southwestern agricultural distnet, eleven m the northwestern agri- 
cultural district, seven on lakes and streams serving recreational 
concentrations, and the remauung three on mam trunk-Une high- 
ways and close to scattered farming cUatricte (Map 16) Approxi- 
mately 30,000 town dwellers hve in the agricultural districts, 700 in 
the resort villages, and 2,800 m the three trunk-line towns 

The scope of this pa|>er does not permit descriptions of the mor- 
phology and the history of the towns of the area In general, all 



335 


The High Plains of Michigan 

of them originated from economic conditions no longer present, and 
the number of towns and the town population seem ovorlarge for the 
agricultural and industrial position of the area This is apparent not 
only from the present condition of most of the towns, but also from 
their history Of those which once existed more than half have dis- 
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appeared completely or have been reduced to functional insigmfi- 
cance Those which do survive are mvanous stages of a course of 
decad^ce, which, from the viewpoint of the present, will result ip 
the extinction of many and the reduction of the rest Ull their popula- 
tions are only sufficient to take care of supplying what will remain of 
a slurinking agncultural umland 






336 


Charles M Davts 


THE WILD LANDSCAPEB 

The landscape ao far described have been charac tenzed by cul- 
tural forms Ihey have their principal distribution in the western 
and southern parte of the High Plains Ihc second group of land- 
scapes lack the cultural forms, these are the wild landscapes which 
have their principal distribution in the northeastern part of the area 
They arc named after the cover type, which is the most easily rec- 
ognizable feature of the landscape, but they should be regarded as 
representing the combination of sod, surface, and cover as a distinc- 
tive landscape complex 

XHE OAK HILLS 

The surface of the sandy morainic uplands of the east and cen- 
tral parts of the High Plains area consists of a few forms endlessly 
repeated (PI XLV, Fig 1) Smooth, rounded slopes are surmounted 
by low knolls and separated by flat-floored, sand-filled, streamless 
valleys The diversification of the surface is offset by the uniform- 
ity of the vegetation, for the low, clumpy growth of oak covers the 
knobs and basins, valleys, and slopes m a mantle of dusty green 
Through the oak one may catch a glimpse of the white trunks of 
birches and the lighter green of a grove of poplars and, here and 
there, a single maple or fire cherry, hut these serve only to empha- 
size the dominance of the oak The sandy soil beneath this forest 
IS thmly covered with a brown-green carpet of bracken, sweet fern, 
and low blueberry bushes thickset the stumps of pine now 
charred and rotting In some places the straight, clean trunk of a 
smgle pme stretches up through the foliage of the oaks to support 
its crown above the ceilmg of the common forest 

At some places the straight concrete roads of the trunk-line high- 
way system cut through the hills, but more commonly the mean- 
denng double sandy trails of the old lumber roads are the only 
means of communication Along these roads one may see widely 
separated old farmsteads, many of which are abandon^ and a few 
reoccupied The foriom houses with gaping windows and sagging 
doors stand as rehets of agricultural settlement which failed upon 
the soil of the hills (H XLIII, Fig 4) 

The passing seasons bring one brief period of brilliant beauty to 
the oak hills The sharp frosts of the first weeks of October ch^ge 
the groen mantle to a coat of many colors which, when seen from 
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a short distance, belittles an attempt to describe it Against the 
heather-colored background of the bracken, the oaks hang the scar- 
let of their leaves Interspersed m the setting are the flaming reds 
and crimsons of the fare cherries and the maples The brilliant 
flickering yellow of the poplar leaves as they twinkle in the sun add 
a shimmer to the colorful landscape This brilliancy In^ts but a few 
days, the oak leaves turn to a dull, dry brown and cling stubbornly 
to the trees, the others fall and are covert d by tht first snows, 
which presage the long, cold winter 

The oak hill landscapes are distributed along the moraines which 
form the eastern boundary of the High Plains and on the moraines 
which connect the Michigan with the West Branch chains (Map 15) 

THE JACK-PINK PLAINS 

An almost imperceptible descent leads from the oak hills to the 
jack-pinc plains The smooth slopes from the kuobliy surface flatten 
out into a level, sandy plain covered with a somewhat or>cn forest 
of ungraceful jack pines (PI XLV, Fig 2) In some places the trees 
are m dense clumps, but ordinarily the forest is parklike, the vision 
penetrates for two or three hundred yards until it is finally stopped 
by the trunks The floor of this open forest w covered with a dull 
brown growth of bracken, sedges, and sweet fern lying thinly over 
sand strewn with pine needles Almost everywhere are the marks of 
past fires, splintered stubs, still firmly rooted, point a single, black- 
ened finger upward, others, slowly rotting, he half buned in the 
sand The soil beneath the needles is a grayish yellow sand, dry and 
Infertile, with whatever humus it had accumulated in ten thousand 
years of forest growth burned out m a few decades of fires 

Except for the network of the old lumber trails, cultural forms 
are almost lacking in the jack-pme landscape After fifty years of 
disuse these trails still are visible and are the only communications 
which lead, or mislead, the rare traveler over the plains 

The jack-pme plains bloom but once a year The water from 
the melting snow is absorbed by the porous sand, and for a few weeks 
the soil is moist Then the quick-growing flowers of the plains make 
their brief appearance Among the clumps of grass and stalks of 
fern the var 3 nng blues of the birdfoot violets tint the ground Deli- 
cate Miemoaee dot the needle-strewn soil, and the spikes of tfee early- 
blooming toadflax nse among the taller shrubs WiUi the hot days 
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of late June the plaina are again dry The flowers and the grasses 
shrivel f and only the bracken and the fern remain on the forest floor 
as a carpet for the jack pines which| with their unchanging green and 
ungainly form, dommate this landscape from season to season 

The jack-pine plains art distributed over most of the dry sandy 
outwashes m the central and the northeastern parts of the High 
Plains (Map 15) They are complementary to the oak hills m 
occupying the poorer soils formed from the material deposited by 
the Saginaw lobe of the glacier 

THE HARDWOOD LANDS 

In contrast to the sunny oak and jack-pine woods, the forests 
of the broadleaf trees are shady and damp Through the canopy 
of the foliage the sun reaches the forest floor only in single beams 
which flicker as the wmd stirs the leaves The forest panorama is 
one of rather widely and evenly spaced trunks rising from a floor 
covered with soedlmgs and reaching upward to a ceiling m which 
the foliage of the individual trees is almost mdistingulsbably blended 
mto the general canopy 

From this description of a virgin wood of broadleaf trees the 
landscape group here called the hardwood lands vanes widely If 
the forest has been thinned by cutting, it has a more open and ragged 
appearance and the sun shines through, lighting up the forest floor 
strewn with the Utter from the cutting If the lumbering operations 
have boon extensively earned out, the forest is gone, and in its place 
has grown up a low, heavy, brushy growth of the reproduction of 
the original species mixed with poplars and fire chernes (PI XLV, 
Fig 3), above which remain the few trees of the original stand left 
by the lumbermen The original forests were m vanous stages of 
progresi^on from the pines toward the broadleaf trees and were also 
edaphically differentiated between the beech-maple type on the dner 
soils and the elm-ash-red maple on the more moist soils This fact, 
combined with the addition of the quick-growing trees which have 
come m smee lumbering, have made the hardwood lands anything 
but a homogeneous landscape type In a more detailed study the 
variations of this type would neceesarliy be recogmsed, but for the 
sake of clarity they are here lumped t^ether, m spite of the very 
apparent differences which do exist 

The patchy distribution of the hardwood lands (Map 15) must 



339 


The High Plains of Michigan 

be regarded aa the remnants of a much larger dastribution which 
once occupied most of the western part of the High Plains The 
agricultural landscapes and the hardwood lands occupy the heavier 
and more retentive soils formed from the material deposited by the 
Michigan lobe of the glacier 


SWAMPS 

From a distance there is a great deal of symmetry and grace to 
a swamp This aspect is gained from the compact conical shape of 
the smaller spruces and the splrelike tops of the taller om^ (PI XLV, 
Fig 4) Inside the swamp this grace and symmetry are lost The 
forest floor is Uttered with fallen trunks, mossy and covered with 
fungus, and from it comes the heavy, damp odor of decaying vege* 
tation On this floor the trees are thickly set with their crowns 
forming a cover so dense that the swamp is always gloomy Trees 
uprooted from the soil have fallen and lodged against others and, 
as the wind blows through the swamp, these creak ominously 

At the edge of the woods is a narrow fringe of alders and wil- 
lows between the forest and the grass marsh m its center Here 
the sharp-edged sedge grows upon a floating bog which springs at 
every step If one ventures out too far he may be in the water 
before he reaches the pond Where the swamps have been cut over 
and burned the alder-willow brush has grown into dense thickets, 
forming almost unpassable tangles 

The distribution of the swamps is in reference to the detailed, 
not the chorographical, order of thmgs in the High Plains They 
are found along nver channels, but not along all river channels 
Their place in the major lineaments of the area is sporadic, not in- 
variable, as are those of the oak hills and the jack-pme plains Oak 
hills are where they ought to be in accordance with the pattern of 
the surface and the soils, swamps are where one finds them 

TBB POPl^AB LANDS 

A poplar thicket is a bright and pleasant spot The hght color 
of the bark of the trees sind the fresh green of their leaves, togethe*^ 
with slender, graceful symmetry of the trunks, make an attrac-^ 
tive contrast with the dusty oaks and the harsh, dry pmes Even 
if the trees are close together the foliage is seldom dense enough to 
shut out the sunlight On the forest floor is a thick carpet of dry 
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brown leaves which crackle underfoot and over which the foliage 
casts a changing pattern of light and shadoiv as they twist and 
turn in the slightest brceise 

The most cosmopolitan of all the trees m the High Plains is 
the poplar, with its companion, the birch These two form an as- 
80( lation which perliaps covers as much area as any other, and, fur- 
thermore, the poplar is ubiquitous m almost every one of the other 
forest types The poplar seeds are blown widely by the wind, and 
the broad tolerance of soils and the quick-growing quality of the 
tree have enabled it to gam a foothold and outstrip the reproduc- 
tion of the broodkaf trees and the pmes Nevertheless it is a poor 
competitor, and m three or four decades the other growth forces 
out the poplar and becomes the dominant tree The poplar is the 
pioneer which rushes into new areas left by clearing or burning, but 
when the land becomes more settled, so to speak, by more persistent 
tret 8 , the poplar dus away, to be found again on another frontier 

It IS not possible to characterize any particular part of the large 
area dommated by the poplars as a poplar landscape m the same 
sense as the landscapes which have been previously described These 
latter are pennanent combinations of characteristic soil and surface as 
well as cover, while the poplars are a temporary or transitional vege- 
tation, a scab tissue which covers the wounds of cutting and burning 
until the permanent cover developing underneath forces them out 

The regions of the most extensive distnbution of the poplar lands 
in the High Flams are the more moist outwash sands of the eastern 
parts, where they are being supplanted by the jack pmes, and the 
areas of recent hardwood lumbermg, where they shade the reproduc- 
tion of the ongmal species which will eventually take their place 
In the landscape 


THK PATTERN OF THE LANDSCAPES 

The pattern formed by the distribution of the various landscapes 
which collectively make up the geographic expression of the High 
Flams 18 shaped by the same master lines which can be seen m the 
distnbution of the elements of surface, drainage, and soil (Map 15 ) 
In general, those areas originating from the material deposit^ by 
the western lobe of the glacier are characterized by the cultural 
landscapes and the hardwood lands, those from material laid down 
by the eastern lobe, by the wild landscapes the oak hills, the jack- 
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pine plains, and the swamps To this generalization there are many 
specific exceptions, landscapes which an not where they should be 
according to the scheme of things 

V CONCLUSION 

The position of th< High Plains upon tin jiatterns of the world 
distributions of dimatc, vegetation, and population imdoubb dly un- 
derlies the broader facts of its geograpliy, but these larger distnbu- 
tions neither mark the regionality of the area nor onent its internal 
differentiation As the study presented here has attempted to show 
The dtsinhuiton of the landscape-forming elemenis and the resulting 
landscapes follow in general a fundamental pattern based upon a dis- 
tribution of the mi face features and soil matetials which were laid down 
by the retreating ice of (he latest glactation 

Upon this original fundament the weathering of the glacial ma- 
terial into soils and the development of the cover types proceeded 
in a direction consistent with the existing clunatc Until the time 
of the oceupance of the lumbermen this process of landscape dt vclop- 
ment had gone ahead almost to tht harmonious codistnbution of 
cover associations and soil types Thus far the activities of man had 
not altered the nature of things m the High Plains to any significant 
degree, but a new occupance took over the area, changed the cover, 
introduced new elements into the course of development, and ini- 
tiated the modern landscapes 

Into the slow and orderly process of the evolution of the natural 
landscapes were thrust new cultural factors clearing, fire, and agri- 
culture The result was an almost complete change m the cover 
associations and the introduction of new types in one way or another 
suited to survive in the new regime The basic framework of the 
soil and the surface remamed practically unaltered 

FYom the debris of this overturn the modem landscapes are tak- 
ing form Slowly they can be seen to emerge as an image develops 
upon a photographic plate Although their outlines are not yet 
sharp and tboir details are obscured by the “fireweed" associations 
and by the ebb and flow of human adjustment, nevertheless their 
distribution is apparent and it is seen to follow the same fundamen- 
tal pattem of the surface and the soil 

OF Michigan 
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POPULATION REGIONS OF THE 
UNITED STATES 

STANLEY D DODGE 

INTHODUCTION 
Summary of method 

T he counties of the United States have been classified in this study 
in terms of the percentage of decline which the population figures 
for 1930 represent in relation to the highest figures at any previous 
census ^ In the classification of the counties for distribution on a 
county base map of the Umted States the following categories are 
employed 

A Decade-to-decade mcreascs, 

B Decline from peak less than 25 per cent, 

C Dechne from peak more than 25 per cent and less than 
60 per cent, 

D Decline from peak more than 50 per cent, 

E UnclasBifiable, usually representing population of extreme ir- 
regularity m decade-to-docade numbers * 

Areca of populaiton decline tn the United States 

The results of the distribution of categories of population decline 
by counties on a map of the Umted States are shown in Map 17 
Concentrations of areas of decline of from less than 25 per cent to not 
more than 50 per cent (Categories B and C) appear notably in the 
Com Belt, with a few counties of greater decline in northern Mich- 

^ I am indebted espeoUdly to Messrs Harnson V Chase and Merritt W John- 
ston for aid in tabulating, classifying, and mapping the census data involved in 
ibis study, and to Mr John B Pope for preparation of the final mi^M 

* This category was neoessary in the classification of the townships of New 
England See Do^e, Stanley D , '‘A Study of Population in Vermont and New 
Hampshire,** Pap Mtek Acad Soi,Arte and Ledera, 18(1932) 13W3d 1933 
!n the etud^ by counties only Yellowstone Park actni^ faUe in Category B 
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igan, m the Ohio Valley, and in a belt from southern Iowa through 
Missouri Other areas of special interest occur m eastern Virginia, 
m Piedmont Georgia, and in Montana and eastern Washington, 
northwestern Arkansas, and from southeastern Oklahoma to central 
Texas Groups of countu s w ith dei line runnmg generally from more 
than 25 per ornt to mon than 50 per cent (Categories C and D) 
he m central Colorado, in a l>elt from northeastern New Mexico to 
southeasteni Arizona, and in Nevada and eastern California 

DiffinUties involved in using county basts 

Ifae reliability of the data here presented is somewhat vitiated by 
the use of so larg( a base as the eounty In many areas the counties 
are of such great size that reliable conclusions cannot bo drawn from 
them In New England, for example, the investigation of population 
declme on a township basis shows tliat there has been decline of more 
than 50 per cent for township after township m a broad belt runnmg 
through the central part of the area from eastern Maine to western 
Vermont, Massachusetts, and Coumcticut * On the county basis 
this same area stands out as still growing, for the most part, because 
the counties are larger than the average for the eastern United States, 
and because there are, locally, townships the population growth of 
which has been of a magmtude sufficient to offset the decline m the 
other parts of the county Only Waldo and Luicoln counties, in 
Maine, suggest the true state of affairs m the greater part of the area 
of decline On the other hand, the counties of the nortliem part of the 
Southern Peninsula of Michigan show on the map (Map 17) a close 
approximation to the conditions of population decline as indicated 
when the distnbution is by townships * For these reasons the county 
basis 18 considered unsatisfactory, but nevertheless this distribution 
of the categories of population decline does have a certain usefulness 
In the New England area the declme of certedn townships is masked 
by the continued population growth of local areas within the counties, 
and in general throughout tiiese six northeastemmost states centers 
which have contmued to grow are articulated well with the present 
transportation systems Townships of which the village centers lack 

* Dodge, Stanley D , “A Study of Population Regionii in New England on a 
New Basis," Ann Am$oc Am O^raph0r8, 2S (4) 1^17-210 I9S6 

* Dodge, Stanley D , "Population Kegiooui of the Southern Penlnaula of Mich- 
igan," Pap Mich Acad Set, ArU and letters, 19(1933) 845-348. 1934 See 
eepecially the map on page 346 
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complete articulation are the ones which have decimed When, 
therefore, throughout the United States whole counties are found 
which show considerable decline, the conclusion is that the ** center** 
has not stood up well m the face of the tconomic vicissitudes of the 
period since the beginning of the dteline, and that this failure la some- 
how related to changes m the delicate balance of economy among 
resources, markets, and people These ideas are expanded below 
for specific regions All that the county base does is to point to rather 
large areas winch have been affected Analysis requires a finer mesh 
of distribution 

SPECIAL PnOBLEMS 

Irmstigation of decline by dates of incidence of decline 

The distribution of ( ategories of population decline reveals merely 
those areas m which special problems may exist Decline of popula- 
tion, without compensating curtailment of governmental machinery, 
has in many places created problems of local administration, difficult 
to adjust and requiring further study from the point of view of the 
political scientist, if a proper solution is to bfe arrived at and if the 
ad hoc readjustment winch may be forced ultimately is not to bring 
as a consequence untold hardship to the people most intimately 
affected In areas of decline problems of marketmg arise, problems 
of the local adjustment of the resources to the current national 
economy, the solution of which cannot be reached without more 
thorough mvestigation Declme of population brings m its tram a 
whole sequence of changes in the cultural landscape, m the realm of 
geography itself, and a rearrangement of certain fundamental aspects 
of the landscape, such as the regrowth of the ‘^natural** vegetation 
and the invasion of species of wild animals locally extmet 

In the investigation of the mcidence of decline the distribution of 
dates of the culmmation of population numbers opens up a new line 
of study which may lead to a deeper understanding of the causes of 
decline When large areas are affected simultaneously, concurrent 
economic change may be shown to have had an effect Examples of 
this will be given below 

When population maxima of a given date are found to be grouped 
in a striking way, the reinvestigation of the population curves of 
adjacent areas may reveal submaxima, peaks of lesser magnitude, 
and in this way various irregularities in the popidation curve may be 
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studied In parts of Virginia, for example, population was declining 
at the epoch of the first census, but recovered and reached a maximum 
a few decades prior to the Civil War, only to decline agam, and re- 
cover agam Table I gives data for Jredenck and Gloucester 
counties, with the peaks emphasised 


TABLE I 

PoroiiATioK FiouaBs voa FasnsmcK and QLOtrcBatxa CkjCNTisa, 1700 to 1090 


Cmsttt 

Frederick 

Oloueesto' 

Centut 

Fredmek 

Otoueeeter 

year 

Couniy 

County 

year 

County 

County 

1790 

19,681 

24,744 

13,408 

1870 

16,506 

10,311 

1800 

8,181 

1880 

17,553 

12,684 

11,876 

1810 

22,674 

10,426 

1890 

11,653 

1830 

24,706 

26,046 

9,678 

10,608 

1900 

15,239 

12,932 

1830 

1910 

12,787 

12,477 

1840 

14,242 

10,715 

1920 

12,461 

11,894 

1850 

15,975 

10,527 

1930 

13,167 

11,019 

1860 

16,546 

10,956 





Significance of continued growth and integration 
with the current economy 

The areas which have been able not only to maintain population 
but also to have continued growth of population are, even m detail, 
those which are integrated most completely with the highway and 
railway systems, in short, with the road system, using that term to 
cover the whole geographical aspect of circulation • Locally, even 
when they are surrounded by areas of marked declme (Category D), 
townships in Kew England have increased m population, and they are 
found to be on the prmcipal roads, usually at junctions of highways or 
railways (Map 18) The detailed investigation of population decline 
in the Southern Peninsula of Michigan * shows that the counties of 
which dechne of mctte than 60 per cent is characteristic have em- 
bedded within their combined areas places of less decline These 
small areas are centers which are linked with the road system of the 
state more thoroughly than are the villages and hamlets of the sur- 
rounding areas. Hiis condition is comparable to that of continued 
growth within areas of dechne which characterises New England, it 
is a difference of degree, but not of essence For the United States 

' Brswhmt J , La Otographu kumcnne (Parts, 1995), pp 62-69 
* X>odSGi, loe cU 
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Ma» 18. Central Maine, southeast of Moosehead Lake (upper left), showing 
the relation of oonttnued growth to the main lines of the transportation 
system 

A sun growing 
B DeoUne leas than 25 per cent 
C Deohne 26 per cent to 50 per oent 
D Decline more than 50 per oent 

£ Unolassifiable, with small numbers of people at some census dates 
F Areas without poptdation at any census 

88 a whole the mvestigation on the county basis shows similar results 
The counties which are still growing, as shown by a companson of the 
hguree of the 1^30 census with those of previous censuses, are located 
definitely along the chief thoroughfares of the country, both rail and 
road 

D1&CU88XON OF dFKClAL ARKAS 

Nevo England 

In a f^iecial study of the population of New England ^ decline wag 
found to have started in southwestern New Hampshire and south* 
^ Dodge, as eited In note 8* 
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eastern Vermont as early as 1790, and to have progressed northward, 
the northernmost townships m the two states reaching peaks in the 
period 1880-1920 Although the full significance of this decline has 
not been worked out, some of it appears to be the result of the prac- 
tical exhaustion of tunber resources in the northern part of New 
Hampshire and Vermont 

Michigan 

The decime of population m the northern part of the Southern 
Peninsula of Michigan • (Map 17) shows that the incidence of decline 
comes with the census dates 1900, 1910, and 1920 The boundary be- 
tween the area which started dechnmg m 1900 and that in which the 
peak of population did not occur till 1920 is approximately the mam 
morame of the Port Huron morainic system * East and north of the 
morame the natural vegetation was largely coniferous, and west of it 
largely deciduous The agricultural settlements which came after 
the peaks of the lumbering population were irregular m their growth 
and decime, partly because of the ** land-booming^' character of the 
advertising that was a prelude to the insiallatiou of a farming pop- 
ulation m the cutover areas The settlements were sustained longer 
in the coniferous area than they were to the west, in the deciduous 
area, a condition for which there seems to be little logic, except for 
the manufacturing of the Alpena district The only towns in the 
northern part of the Southern Peninsula of Michigan which have not 
suffered some decline are Ossmeke in Alpena Coimty, Rogers m 
Presque Isle County, and Gaylord In Otsego County 

The Com Belt 

Practically the entire Com Belt has been undergoing depopulation 
smee 1900 In a few places, however, the depopulation began eariier 
The principal exceptions to this general rule are found in the coun- 
ties near the larger cities, such as Chicago, Columbus, Cmeinnati, In- 
dianapolis, St Louis, and Peoria Elsewhere, Igcsdly, counties have 
been able to maintain th^r population in a growing state A sig- 

* Dodge, w died {a note 4 

* Leverett, Frank, and Taylor, Frank B , The PUtetoeme <jf Indiana and 
Muhngan (Washington, Government IMnting 1916), pp 29i-S00, Davis* 
C M , '*7^ Hi|^ Flams of Miohi^," Pap AfiM Acad 3aLt Aiic and Lcttcn, 
21(1985),d0a-342 im 

^ Dodge, as cited in note 4. 
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xuficant study recently published by Thornthwaito gives a general 
picture of the migration which has brought about the condition of 
population indicated 


Missouri 

The depopulation which has affected the Com Belt has spread 
over the greater part of the State of Missouri, not only i^ithm that 
northern part which may be considered a portion of the Corn Belt, 
but also to the south in the Ozark Highland Practically the entire 
state, with the exception of St Louis, has suffered Decline in 
Missouri was first revealed m 1890, in a belt of counties from west 
of Hannibal on the Mississippi on thi northeast to Bates County 
along the western border m the southwest, through Cooper and Saline 
counties on the Missouri River For the most part, this was an area 
with a high percentage of land m farms m 1910, and the improved 
acreage was large, running, m general, from 80 to 100 per cent, in 
contrast with the Ozark area itself, m which the improved land was 
on an average nearer 50 per cent of the total The contrast m sta- 
bility of population between the northern and the southern parts of 
Missouri suggests that the reason for depopulation of the Corn Belt 
may be looked for in the difference In the standards of living of the 
people of the two areas The people with relatively high standards 
have not been able to use Com Belt land of higher productivity and 
mamtain or increase their population numbers so successfully as the 
people with lower standards who inhabit the Ozarks Although this 
latter area has experienced some decline the percentage has not 
been so great 


Colorado, New Mexico^ and Arizona 

In a group of counties m central and southwestern C/olorado and 
again in a belt running from northeastern New Mexico to south- 
eastern Arizona marked depopulation has occurred Furthermore, 
the peaks of population, as revealed by the decennial census, occurred 
as early as 1870 In Lake County, with the mming town of Leadville, 
and m Telfer County, containing Cripple Creek, the peaks are of the 

^ Thomtfawaite, C Warren, /ntemal MxurolUon tn ths UnUsd SiaUs (UnlT* 
of Pennsylvaata 1984), pp a-lA 

Sauer, Carl 0 , The Oeograpky ef tk$ Osark Highland of MUtom (Uwv erf 
Chicago PiesB, 1920), pp 180-182. 
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date 1900 Decline of more than 50 per cent in Lake and Telfer 
counties and of more than 25 per cent in Park, which lies between 
them, suggests the pronounced effect of the depopulation, supported 
by field observation showing vacant houses and stores m both Cripple 
Creek and Leadville In Leadville the population reached 7,508 in 
1910, but m 1930 was only 3,771, making a decline of i9 7 per cent m 
twenty years 

The area of declme m New Mexico is of more recent date, the 
peaks having been reached in 1910 and 1920, but the percentage of 
decline has been as much as m Colorado Agam, the abandonment 
of minmg areas seems to be at least partly responsible for the altered 
demographic conditions 


Lower Mtmssippt 

In the brief discussion which limited space makes necessary, a 
complete account of all the areas of population decline has not been 
possible The Corn Belt, the western mining areas, and the New 
England and Michigan lumbcnng areas have been used to suggest 
some of the aspects of decline Two more areas, one in the lower 
Mississippi Valley and one m Georgia, will be used to illustrate condi- 
tions in these portions of the United States, for they differ in social 
and economic conditions from tho^e of the North 

Declme of population of more than 50 per cent stretches in a belt 
from Issaquena County, Mississippi, midway in the state along the 
Mississippi Hlver, to the Delta It is significant that the greater 
decline is on the east side of the nvcr and not on the west In northern 
Louisiana the population has been mamtained at or near a peak for all 
the Mississippi lowland counties Furthermore, the date of the popu- 
lation peak in the Mississippi area of decline Is 1910 The cotton 
boll weevil reached this section in 1907-8 Throughout the greater 
part of the area, the yield of cotton had dropped from more than 250 
pounds per acre m 1889 to less than 100 pounds in 1909 ^ The farms 
were operated generally by Negro rather than by white tenants or 
croppers m 1909, which su^ests a racial rather than a physioal or a 
biok^cal geographical basis for the socioeeonoimc ocm^tions which 
are the presumable causes of the decline 

** fittns, 0 O , sad Baker, 0 B , Seoiurn A, Cotton, la Baker, 0 E , AiUu of 
Afnmmn AoricuUuto (Waablngtoi^ Oovemmaat Priatiag OflSioa, 1918), p 15 
^ IM,pp 12-13 
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Georgia 

The area chiefly affected by decline m Georgia is likewise one 
occupied largely by Negro tenants, which appears to confirm the hy- 
pothesis advanced at the end of the preceding paragraph as the prin- 
cipal * 'cause'^ of the decline, although it is not in those areas pnmanly 
that the trek of Negroes to northern cities originates This area m 
Georgia is, furthermore, one of a relatively large number of planta- 
tions having five or more tenants 

The foregoing paragraphs merely outline some of the problems 
encountered in the study of population declme on a geographic 
basis More detailed work will have to bo done before any but the 
most tentative conclusions may be presented In previous publica- 
tions dealing with phases of the geographic problem mdicated a 
county or a larger base has been used by most investigators This, 
as pomted out earlier, may lead to an erroneous picture of the actual 
state of affairs Refinement on a township basis, with ultimate de- 
tailed checking and elaboration by field methods, is needed before a 
really satisfactory geographical solution may be given Even then, 
however, it is apparent that the whole problem is one of great com- 
plexity, involving as it does study of social, historical, and economic 
conditions, as Well as investigation of geographical details, including 
the physical or geognostic base of the cultural geography 

REFINEMENT OF INVESTIOATION 

In the last analysis, even the township basis of distribution be- 
comes too broad, but beyond that it is impossible to go with the data 
published by the United States Census Bureau The ultimate refine- 
ment, in areas of special mterest, must be accomplished m the field 
and by other methods In an article of great significance Goldthwaite 
has contnbuted an example of the results which may be derived from 
the use of earher and later mi^ supported by investigation in the 
field The abandonment of houses and roads m Lyme, New Hamp- 
shire, is worked out in this article with considerable skill, through a 
series of four maps one was published m 1865, the second (1830, the 
date of maximum population) was deduced from the first on the ^is 

^ Thomthwaite, op ni , Plate V Baker, op cU , p 11 

« OoMtbwaite, J W , ‘‘A T0W4 That Ha» Gone Down HiU/» Otog Rwt 
17 637 - 562 . 1027 
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of field work, the third was published originally m 1892, and the 
fourth was the result of the field work m 1925 By this means the 
precise area of abandonment could be worked out, and the process of 
decline since 1830 could be shown Unfortunately, but little, if any, 
of this refined investigation has been earned on in other areas, in spite 
of the great significance of the results which might be accomphsiied 
by Its careful appheation in areas for which the requisite early maps 
are available 

In refined studies of this kind field work la essential, although the 
necessary interpolation may be done m a laboratory Even without 
early maps showing the location of houses some progress in the de- 
tailed mapping of the areas of abandonment may be made by field 
plotting of abandoned sites (cellar holes) and houses, with a check 
against the United States Geological Survey topographic sheet of the 
area, if such exists 

Either by the more elaborate method evolved by Ooldthwaite or 
by the simpler, but on the whole less satisfactory, method suggested 
above as a substitute when existing maps are madequate, the true 
area of abandonment may be mapped House abandonment, how- 
ever, does not mean land abandonment The abandonment of houses 
may be correlated with the declme of population, but the land 
vacated by one owner or tenant may lie combrned with other land 
and operated as part of a farm of larger size by someone remaining on 
the land, or it may be put to some other use requiring a smaller local 
population This subsidiary problem 1 *^ of a somewhat special kind, 
and requires, moreover, a different technique of mvestigation The 
present paper deals only with the actual dcclme in the number of 
people 


CONCLtrSlON 

Ahandonment and land vhUzalton 

It 18 in the areas of recent more or less heavy population change 
that some of the more serious problems in land utilisation have arisen 
Detailed studies, such as those suggested above, earned on rigorously 
in the areas for which the indication of decreasing population has been 
made here on a county basis, should furnish an increasingly valuatde 
body of data upon which to base rational conclusions and workable 
policies* 
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Abandonment and landscape change 

Decade-by-decttde geographical analyses of jxipulation change are, 
as suggested previously and elsewhere,** a sure method of arriving at 
the economic and historical material which must be integrated with 
the geographical for a fully rounded study to he dtv doped ( Geograph- 
ically the comcidental landscape change is the most important thing, 
and this can be worked out best m the field by following, for the major 
part of the work, the method suggested by Goldthwaitc, and, for the 
remamder, by determining the progress of vegetation succession to- 
ward a new ehmax, the extent of soil erosion, the coming back of 
species of wild animals previously exterminated m the area, and, m 
short, any g(H>graphical investigations whi< h might be pertinent 
Throughout a large part of the United States the cartographical 
examination of the population data given by the successive censuses 
shows that rather large areas have been affected by population decline 
of lesser or greater magnitude The areas thus blockixi out were 
exammed further for the dates of the culmination of population 
numbers, and this further exammation revealed that in some cases 
it was possible to find, by the methods employed, a clue to the eco- 
nomic and social forme which were, m a way, causes of the changes 
In addition, the foregomg study indicates that the county basis 
provides too coarse a mesh for accurate study, especially m those 
areas where the counties are large, and that the township base would 
give a more accurate foundation for study, though ultimate refine- 
ment could be accomphshed only in the field 

The regions outhned, in New England, Michigan, the Com Belt, 
Missouri, Colorado, Ansona and Now Mexico, and Georgia and 
Mississippi, are but a few of the significant areas that Map 17 depicts 
All mont further study on a more adequate, because finer, base if a 
thorough understanding of the whole complex of causes and results, 
both demographic and geographic, is to be had 

Univbbbity op Michigan 


Dodge, ae cited in note 3 




A QUANTITATIVE COMPARISON OF 
METHODS OF MEASURING 
LAND USE 

PRESTON E JAMES 

R econnaissance m geographic field studies are investiga- 
tions gradually emerging from a period of hit-or-miss observation 
to one in which some kmd of measurement is demanded Various 
techniques have been suggested from time to time by which recon- 
naissance observation may be governed systematically, and from 
which quantitative results may be obtained One which has been 
given wide application was suggested by Professor Charh^ C Colby ^ 
Colby’s technique consists of the measurement of the frontages of 
the various forms of land use along a Ime of travel From data 
gathered cn route the proportion of the total line occupied by each 
form of land use can be computed and the results uee<l as a rough 
indication of the proportional area occupied by each To what ex- 
tent, however, the Imear measurement can be used to give such a 
rough mdication needs further study An areal survey, by W J 
Berry,* of the district through which Colby’s railroad traverse passes 
mdicates that the proportions worked out from the areal mappmg 
were not significantly different from those derived from the Imear 
measurements Two questions, however, might be raised What is 
a significant difference? and Would similarly satisfactory results be 
expected from the measurement of all farming communities? 

The answer to the first question can scarcely be given at this time 
It must await a much greater body of data, and also a contmued 
clarification of objectives To the second question, however, some 
tentative answers may be suggested In general, the extent to which 
a Unear survey can be depended on to reveal the essential character- 
istics of an area depends on the way m which the line cuts across all 
the various features which are distributed within the area Where 

* Colby, C C , "The Railway Traverse as an Aid in Beoonnaiiiattoe," Aa- 
noh Xtiee Am (hog . 23 167-164 1933. 

* Unsmbllahed manueoriptt Department of Geography, University ef CMeago^ 
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these features are arranged In more or lefts parallel belts the linear 
survey at right angles to the belt pattern can bo used to give a 
thoroughly representative picture But where the features to be 
measured are themselves arranged with reference to the line — some 
attached to it, some remote from it — then the linear survey gives a 
quite inadequate picture 

The extent, then, to which the linear survey can give satisfactory 
results depends on the character of the settlement pattern Where 
the land-use features are distributed with reference to the mam 
road, that road cannot be used for a representative traverse without 
** significant^^ errors Where the mam road cuts independently 
across the local settlement pattern, as some modem trunk-lme auto- 
mobile lughways do, then such a road may well be used for the 
traverse In most Amencan communities the railroad is quite inde- 
pendent of the local patterns and so may give satisfactory results 
when used for the linear survey But there are certain pioneer com- 
munities, established after rather than before the railroad, where the 
settlement patterns are distinctly articulated to the mam Ime of travel 
and where the roads are essentially secondary The railroad traverse 
of such areas should be less dependable 

An area m southern Kentucky on the Highland Rim offers a 
chance to compare a road traverse with an areal measurement of the 
same district The land use of an area about twelve miles long by 
three miles wide was mapped by students at the University of 
Michigan Field Station* The highway, which forms the axis of 
settlement m this area, is roughly twenty miles in length The 
linear frontage of the various forma of land use along this road was 
measured, and the proportion of the total Ime occupied by each ele- 
ment was computed (Table I) With the aid of a planimeter the 
areas occupied by these use types were measured, and the propor- 
tions of the total area similarly computed The area m question was 
limited to the so-called karst upland, so that no measurement from 
the very different landscapes of the neighboring Cumberland Plateau 
appear in the results A comparison of the two forms of measure- 
ment is presented in Table 1 

It seems that there are certain significant differences between the 

‘ For a sample of this area see Map S m an artide by Henry Madison Kendall, 
**The Highland Rim in the VloinHy ot Mill Springs, Kentucky/' Pap Mich Acad 
aa , ArU and UUerc, 12(1920) 220. 1080 
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TABLE I 

I AKD UhK in THB MoNTlCBLIiO ArBA 


Forms of land use 

Percentage 

Percentage of 
difference 

Total road 
frontage 

Total area 

FarmsteadB and villages 

24 5 

42 

4- 483 3 

Cropland 




Com 

186 

250 

- 25 6 

Wheat 

41 

46 

- 10 9 

Other grains 

38 

40 

- 17 6 

Tobaooo 

63 

26 

4- 142 3 

Hay 

141 

86 

4-65 9 

Ganien 

14 

16 

- 12 5 

Melons 

07 

03 

+ 133 3 

Miscellaneous 

1 2 

10 

+ 200 

Pasture 




Permanent, cleared 

106 

206 

- 48 3 

In rotation 

71 

85 

- 16 6 

Woodland and brushland 

27 

97 

- 723 

Ungrased woodland 

33 

59 

- 44 1 

Wastelaad 

14 

20 

- 300 


results of these two methods of measurement Farmsteads and 
Yiliages in this settlement pattern are closely attached to the main 
highway, and the proportion of the linear measurement which they 
occupy gives an entirely fictitious idea of the settlement density m 
the area as a whole Considering the probable errors of mappmg and 
measurement, it does not seem that significant differences are to be 
discerned m the proportions of the different kinds of crops Possibly 
an explanation of the concentration of tobacco and melons along the 
road should be sought The linear measure gives much too small a 
proportion to those forms of land use which are generally remote from 
the road, such as the various forms of permanent pasture, and the 
woodland and brushlands either grased or ungraded 

With the aid of more compansons of this sort perhi^ some 
formula could be worked out by which a correction, applied to Imear 
measurements, could be used to bnng the results more closely mto 
harmony with the areal measurements 

BmvxtasiTT of Mickioan 
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INTRODUCTION 

S ystematic studies m land utilization » such as have been under- 
taken in recent years by the Federal Departments of Agriculture 
and of the Intenor, by the Michigan Laud Economic Survey, and 
other state departments, together with the researches conducted by 
various public and pnvate agencies as reported m the bulletins of the 
New York Social Science Research Council, all reflect the need for a 
scientific analysis of the land-utihzation problems of the United 
States 

Regions which at one time or another have expenenced compet- 
ing and conflicting claims to land use generally furnish excellent ma- 
tenal for land-utibsation studies The Kankakee marsh reclaimed 
area of northern Indiana and llhnois is such an area Here clashed 
the interests of the hunter-sporteman-conservationist group with 
those of the organized land compames and of individuals interested 
in the reclamation of the wet lands for agneultural use The author's 
interest m the region was aroused several years ago as a result of 
pubUc propaganda and a petition to the Federal Government by a 
group of the Izaak Walton League to restore at least a part of the 
original marsh-swamp, once nationally famous for its wild hfe, par- 
ticularly wild fowl Studies of this type especially recommend them- 
selves today m connection with the nation's agricultural and con- 
servational readjustment pohcies 

The Kankakee country represents essentially an mtermoralnal 
marsh reclaimed valley extending from South Bcmd, Indiana, south- 
westward to Momence, Ilhnow Down the wide, flat-floored valley 
coursed the original meandenng Kankakee River, now a senes of 
straight ditches Risbg m the east witbn a few nuies of the St 
Joseph River, tnbutary to Lake Michigan, and itself forming a bead- 
water branch of the lUmois River to the west, the Kankakee, with 
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the St Joseph portage, provided a strategic connecting link m the 
Great liSkes-Mississippi route of the early trench explorers, fur 
traders, and inissionanee 

Serving successively in its native state the Pottawatonue hunter, 
the pioneer trapper, the marsh-hay ranger, and the professional 
S|>ortsman, the modern Kankakee, dredged, ditched, and drained, 
has added over a half-milhon acres to the famous dnft farming section 
of the Central Plains 

The Kankakee is located in the more favorable humid section east 
of the Mississippi Its summer isothermal position places it m ithm 
the subdivision of the Df chmatic type of the Kdppen system, 
and fairly well within the northern border of the Com Belt (Map 19) 
Demographical relations are no less significant Rinuncd by a 
score of towns, the marsh at the eastern end is terminated by the 
industrial city of South Bend, while its western extremity is within 
46 miles from the second metropolis of the country — Chicago (Map 
20) Less than 160 miles from the center of population of the United 
States, its valley is ‘'within 3 24 hours by express or 5 36 hours by 
freight of at least half the population of the Urated States’^ (1, p 34) 

THK FUNDAMENT --THE NATURAL KANKAKEE 

Marsh praines of aquatic sedges and grasses, potential grasing 
areas, wild-nce sloughs, scenes of countless wild geese and ducks, 
flag ponds, lined with muskrat bouses, a narrow but almost unin- 
terrupted swamp forest, full of game, rimming a meandering nver 
teemmg with fish, the wet prames, made humanly habitable by the 
mterspersion of sandy island oak barrens surmounting the highest 
flood waters — such m brief is the physical setup which attracted 
the squatter pioneer from the East, who sought contentment in the 
solitude and seclusion of a marsh wilderness 

In the eyes of the reclamationist a half century later this same 
general scene reinterprets itself as an open praine, practically unen- 
cumbered by a forest cover, with a flat v^ley floor, a high water 
table, and a presumably rich alluvial nver bottom sod, located within 
60-100 miles of the greatest stock and gram market m the world 
The cultural subtractions and additions incident to the (iramage 
operations havo modified almost beyond recognition the genei^ 
#mal picture of the prereclamation penod* Yet certain efements <rf 
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Map 20 

the natural landscape and their influences on human culture persist 
in general outlmes to this very day Many of the marsh dunal 
islands, particularly the unoccupied ones, and much of the ongmal 
meander lands along the Kankakee River are still marked as of old 
by timber growth of upland and swamp species respectively 

The islands'' presently encompass^ by dry land contmue to be 
the preferred sites of regional settlement 

OlDOMOaPROLOOY 

The conditions of the surrounding terram m relation to the agn- 
cultural economy are as significant as the ^'islands" m respect to the 
human habitat The latter, rising conspicuously in the form of sand 
dunes, were recogmsed at the outset as barrens" and as generally 
unsulted to cultivation But the soil conditions of the fiattish marsh 
areas appear, for the most part, to have been known only super- 
Acially and claaafied categorical^ with the common types of nvec 
bottom and mamh lands Whatever typical surficial lowiand oharac- 
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ten»tics they may otherwise exhibit, the subsoil and islands'’ of 
the Kankakee are structurally unique Sand, with local lenses of 
gravel or clay, constitutes the basic structural matenal of the valley, 
while mounds and ndges of typical wind*>blown sand here and there 
commonly attam heights of from ten to fifteen feet, surmounting the 
seas of water-laid sand 

Reference to thoir hypothetical origin may help one to understand 
the Situation Occupying an mtormorainal position, with the Valpa- 
raiso moraine on the north and the Maxinkuckee raorame on the east 
and southeast, these clastic deposits have been classed by Chamber- 
lin (11, pp 330-331) and liCverett (13, p 333) as mostly outwash '■ 
Fart of the valley fill baa been attributed to the postulated Kankakee 
outlet for the glacial waters escapmg from the Saginaw lobe by way 
of the St Joseph channel at South Bend (18, p 338, 20, 21, pp 
12-14) Bradley attaches great depositional significance to the 
former lake waters occupying the basm which he denominates the 
“Old Lake Kankakee” (6, pp 226-229) Since many of the sand 
mounds and ndges are elevated above the highest possible level of 
the postulated lake or of the actually known marsh waters, which 
must have been shallow m either case, the sand of the higher elevated 
spots are cle^ly aeolian m ongin, as is attested by their form and 
charactenstic dune structure 

HYUROaiUrHY 

For some eight or nme months of the year water from one to four 
feet in depth covered an area from three to five miles wide on each 
side of the nver (1, 12) The area thus assumed the charaotenstica 
of a lacustral nver rather than of an ordinary marsh Especially was 
this true at the time of the wmter ice jams and spnng freshets Hav- 
ing an elevation of approximately 720 feet at its source at South Bend, 
the Kankakee River trailed its way tortuously along the very shghtly 
sloping and much oversieed valley to a point near Momence Here, 
at an elevation of 616 feet, it encountered a natural dam of Bilunan 
limestone outcropping m the nver bed Within the small drop, then, 
of a httle over lOQ feet the river, totaling a meandenng distance 
bf some 260 miles, averaged a gradient of only about 6 mofaes per 

^ Though aoknowledginc the ^aparept oharACter of tiie oontinentol 

“drift" deporite, the writior of thie paper does not suboenbe to all the impUcaitoiui 
ol “fieistocena jdaridogy " 
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imle The average gradient for the valleXi 85 miicH long, is about 15 
inches (1) 

The low gradient, the wide valley, the loose, easily eroded clastic 
sediments of the nver bod, the swamp vegetation, and the frequently 
occurring floods thus together conspired to make of the Kankakee a 
notoriously rambhug stream, ever abandomng old and establishing 
new channels As a result, there was formed an intricate ma»e of 
meanders, oxbow lakes, sloughs, and bayous, similar to that depicted 
on the map by Ahlgnm (Map 22) Accordingly, the nver did not 
prove a veiy satisfactory political boundary between the northern 
and the southern tiers of counties 

A glance at the Fundament map (Map 21) suggests that the marsh 
was not a single simple umt, but, like the swamp nver, a complex 
affair — a maze of multiple marshes interspersed with smuous sandy 
ndgea of higher and dner land Streams descending from the marginal 
moraine debouched into the stagnant marsh waters and formed delta- 
like distnbutanes and deposits (T 33 N , R 5 W ) 

NATIVE VEGETATION 

Roughly, three formations of the onginal native cover may be 
recognized (1) the nver swamp timber, (2) the marsh sedge and 
grass, including occasional smalt outliers of the swamp timber, and 
(3) the upland “barrens** or oak-timber association 

The Swamp 

Ihe swamp timber proper followed the course of the nver from 
practically the western extremity of the “basin** halfway up to its 
source, averaging a width of perhaps scarcely a mile, but widemng 
considerably m its middle course, where it attained the maximum of 
nearly three miles The stand included trees of extraordinary size, 
two to three and even four feet in diameter, once an important source 
of lumber for northern Indiana Ash, elm, maple, cuik, and birch 
were the dominant species 

The Marsh 

Rank sedges and grasses, fields of wild hay and wild nee domi* 
nated the marsh landscape, mterrupted now by a swamp-ttmber 
outlier of pm oak and its tree associates, now by a pond or a lake of 
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lily pads, reeds, cattails, and Ra^ The tall huckleberry and cran* 
berry presumably were important seasonal owitnbutors of food for 
man and bird The occasional small tamarack swamp has disap* 
peered, wild rice, once the harvest haven of wild fowl, was observed 
by the author in only two localities — in drainage ditches, marsh 
hay appears as a relict formation in small, widely scattered, poorly 
drained stnps or spots, generally pastured, which the dredge and the 
plow have not as yet invaded 

The Uplands 

The insular dunal and other upland areas, nsmg )U8t above the 
shallow water or to conspicuous heights of as much as 26-35 feet, 
either supported only a iian herb or moss ground cover reflective of 
add soil conditions or bore a stand of scrub or medium-sised Umber 
consisUng chiefly of black oak and white oak, the latter now mostly 
gone As m the case of the wet marsh, the dner sandy uplands 
tnbuted in superabundance their seasonal offenng for man and beast 
dwarf huckleberry, blueberry, blackberry, and dewberry and ha*el 
and other nuts 


SEQUENT OCCUPANCE FORMS AND FUNCTIONS 

The transformation of the Kankakee haven of wild life’’ mto a 
’'modem home for roan” may be treated under four stages of settle- 
ment (I) the penod of the Indian hunter and the French trader, 

(2) the immigration of the pioneer trapper and the frontier farmer, 

(3) the epoch of the stock farmer and the sportsman fowler, and, 
flnaOy, (4) the present joint oocupanoe by the Com Belt fanner and 
the nver resorter These stages have b^n graphically eyntbestxed 
in the Silhouette Study (Fig. 20) 

The flrat two stages are cbaxactensed essentially by human adjust- 
ment Uf the environment The last one dommantly eidubits human 
adjustment cf the environment The third is characteriaUoally ex- 
pr^ve of a transithma! comhUon in which the hitherto dictating 
influences of the marsh-swamp fundament became progresstvely 
weaker as the drainage net was peifecte^ leaving only remnants of 
the naturally induced culture forms remmisoent of an okier and 
much more rmnanti^ pmoi 
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THB POTTAWATOMIB’s KANXAXBS 
(-1840) 

The French explorers, Charlevoix, La Salle, Tonti, and Father 
Hennepin, were the first to give an account of the characteristics of 
the Kankakee region This valley they entered at its source near 
South Bend, Indiana, after experiencing much difficulty m locating 
the portage between the St Joseph River, up which they had ascended 
from Lake Michigan, and the source of the Kankakee, which they 
regarded as the headwaters of the Illinois River Here they came 
into contact with the Pottawatomie Indian, who found the marsh a 
refuge against the ferocious Iroquois of the East 

While some of the Indians appear to have settled more or less 
permanently on the marsh margin or on islands within the marsh or 
swamp, the majority seem to have migrated back and forth, in sum* 
mer occupying the marginal morame or I^ake Michigan plam, and in 
winter retiring to the swamp (or marsh) island, as illustrated and 
described in the Silhouette Study (Fig 20) * 

At least SIX nver, or near-nver, island encampments are shown on 
the onginal Federal surveyors^ plats 

Besides transportation, the nver atuation, like that of the Lake 
Michigan trading posts, favored communication with the French 
fur traders, who likewise came to use the swamp island sites as home 
and headquarters for carrying on their own trapping as well as for 
trafficking with the natives 


EncampmeMe 

Ball (3, pp 66-67) reports a number of camps of Indians In the 
winter of 1^5-^6 about 600 had an encampment m the West Creek 
woodlands, where deer were abundant, and an encampment was there 
agam the next winter Another Indian camping ground was located 
south of the present Lowell These would classify as marginal marsh 

* J Lorsnso WeHdi, a pfanewr Kankakee hunter, whoee mother ieitled with 
her parents within a few milee of the Kankakee in 18^ and whose father hunted 
in the mar^ as early as 1853, writes to the author as fottows 

'Tndian tslaod near the Kankakee ww the Indians' oamptng ground During 
the hunting season of the fiir^bearing animaiU, from early autumn to late in the 
lidand was th^ heme. 

Akmf about the firit ol May Uiey would pack their hidest^ fui»» muLwIth 
their eciuaws and tkMtm they would start for the lake Mkmigan reim to 
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situations, though the exact sites are not given Among marsh island 
sites the author mentions Red Oak Island (Map 22), where in 1837-38 
two hundred Indians had a garden and where there were two stores 
kept by french traders, also Big White Oak Island, south of Orchard 
Grove, where there was an Indian cemetery Among the swamp 
island sites next to the nver Wench (27) reports an Indian Garden ** 
at the mouth of Sandy Hook branch, tributary of the Kankakee (m 
Porter County), and another ‘'Indian Island” a few miles farther 
down the nver 

Trails and Roads 

The trail routes, or pioneer roads, hke the camp sites, clearly 
reflect the influence of the terrain Again refernng to the Fundament 
map we observe that three mam lines of coinmimication crossed the 
marsh Two of the routes, the central and the eastern, followed the 
sinuous trend of the ndges, where they most nearly approached 
the nver, the one skirtmg the marsh on the west took advantage 
of an anticlinal ledge of limestone in the nver bed which made ford- 
ing easy 

The route through the heart of the marsh crossed at the Potta- 
watomie Ford, which was destmed to become the most histone spot 
along the Kankakee l^ver m the marsh proper Here was established 
in 1836 the Eaton Ferry, which transferred the early travelers across 
the one and oue-half mile marsh between the Porter County sandy 
upland area and the sand*ndge landmg m Jasper County on the side 
of the nver opposite 

The epoch of Indian occupation may be said to close with 1840 
By the treaties of 1832 and 1836 with the Federal Government the 
Pottawatonues relinqmshed their claims to the lAnds of northwest 
Indiana A few were permitted to remain, those that had been es- 
pecially fnendly to the authonties, but these were absorbed in the 
pioneer trapper group of the next epoch, which we have dated from 
1840 to 1880 

meet the fur trader* The lodUns would stay along the lake front all 
lummer, and early In the fall they would return to the camping grounds in the 
Kankakee swampe. 

‘'About one mile up the river from Indian lilahd was another Indian camp 
ground, known aa Indian Garden The Indiana in aelecting a camp ground 
^waya located cm n pednt of High land which waa well fortified and could not be 
invaded by the edemy ” 
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THS pioneer’s KANKAKEE 
(1840-80) 

We are told that, after the initial marsh invasion by a spno^ing 
of French trappers and traders, the “upper basin of the Kankakee 
River was slowly taken over by the Danish and Swedish, and the 
lower by the English and some Germans” (16, p 25) Ball (3), in 
speaking of the settlement of northwest Indiana, especially of the 
latitude of the Kankakee and north thereof, designates as the chief 
sources of immigration New England, New York, Pennsylvama, 
Ohio, Canada, the Bntish Isles, Germany, Holland, and Scandinavian 
countnos, with a few from south and central Indiana Wench (27) 
refers specifically to the year 1833 as the time of the advent of the 
first white families from the Fast, the Morgans and the Dyes of Ohio, 
who settled m the neighborhood of Sandy Hook, referred to above 
By the early ^fiifties a number of pioneers had settled north of Knox, 
Starke County (14) 

Though the immigrant farmer had a more or less fixed habitat, 
the pioneer squatter commonly practiced seasonal migration He 
lived in a shanty on an island in the marsh or swamp during the 
wmter trapping and hunting season and removed to the margin of 
the marsh in the summer, where he might “hire out” as a “farm 
hand” or find some kind of job m town * 

The island, though lonely, served its homesite function well The 
sand base insured perfect dramage at all times, its vegetation, con- 
sisting of an upper story of oaks, a lower of scrub growth, and a 
ground cover of bush and herb, prevented the island from being 
blown away, the formation, a natural aquifer, provided a wholesome 
and abundant supply of water, naturally filtered, the timber fur- 
nished shelter and firewood , the ground cover often included dense 
growths of huckleberry and blueberry As previously pointed out, 
this site had every advantage for exploiting game, fur, and sub- 
sistence food products 

* *'The trapper built a (dionty on a ndge or an island as the case might be 
and during the trapping season would live In his shanty Along about April 10 
or 16 he would take up his traps, store them In the shanty, pack up his furs, and 
move out of the swamp to hU ^me wherever that mi^t Iw Along about ^to- 
ber 1 the trapper would go back to bis shanty A few of the Kankakee trappers 
that had no other abode lived in their shanties during the summer seasoih ^Baok 
in the 60^s and 70’s the border towns had many trappera" — J L Wwiob, optn- 
mtmloation 
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Home of the SqtiaUer Trapper 

The typical trapper of the Kankakee occupied a shanty of one 
or t^o rooms most simply constructed of unfinished lumber and 
usually with a single entrance It appears to have been a common 
practice for trappers to move about, remaining on one spot for only 
a few years, then going to another island, where a new shanty 
would be erected Occasionally a more substantial structure would 
be built m the form of the famihar frontier log cabm * 

The distribution of such primitive shelters was of the most scat- 
tered type, a pattern definitely related to the dispersion of the island 
sites themselves In the early days the population was exceedingly 
sparse, later on, when the trappmg business assumed greater com- 
mercial importance, more trappers were attracted, until restrictive 
measures were adopted, mciudmg separate trappmg claims’’ laid 
out at nght angles to the nver (27, p 87) 

The revenue derived from game resources during this penod can 
be only roughly estimated, cm the basis of hunters’ reports Musk- 
rats supphed by far the greatest bulk of fur marketed, but brought 
the low pnee of from 3 to 15 cents per pelt However, what the 
pelts lacked m individual value was offset by their overwhelnung 
numbers and ease of exploitation It is reported that a trapper 
found muskrat houses so numerous that tl^ee or four could be 
speared from one position of the boat Another trapper states that, 
after the great marsh fire m 1871 (incidentally the year of the great 
Chicago fire), he sometimes caught m a single mght more than 80 
''rats ” m a line of 100 traps In Lake County alone the annual catch 
dunng the penod from 18^ to 1884 is said to have averaged between 
20,000 and 40,000 (21, pp 510-520) 


Form Economy of ike Froniter 

Farm economy, such as there was, and fur exploitation went hand 
in hand dunng the frontier occupance of the K^kakee So closely 
were Uiey associated that the form and function of the settlement 
of one were only a slight modification of the form and function of 
the other The typical frontier farmer was also a hunter, and in 


* The *'for, lowi, and fin'’ savlronaMat sad MMOital •eoaomy is 

Will portrayed in a ensos hut datafiedl diary (1852) by a oertalu Grangar 
(84) 
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no small measure supplemented bis income and diet with the wild 
products of the marsh and swamp 

Though the ideal site of the trapper seems to have been a rather 
heavily wooded dune island in close proximity to marsh, swamp, 
and nver, that of the farmer probably was the marsh margin, or 
marsh islands near the margin, and particularly those with a some- 
what heavier soil 

Perhaps the outstanding fact of sequent oocupance and utilisa- 
tion of farm lands m the Kankakee from the earlier days down to 
the present is the progressive expansion from the higher and drier, 
though generally much poorer, island and ndge soils to the lower 
and generally increasingly fertile soil types as they became available ^ 
by dramage This does not mean that the general agncultural devel- 
opment necessarily mvolved the abandonment, by the early settlers, 
of the ongmal, and in some respects still preferred, sites of settlement 
It IS, rather, expressive of the areal spr^ of occupation as related 
to the growmg dramage net and the early island sites, which repre- 
sent the ongmal nuclear farmstead attachments in the area There 
was the usual tendency to occupy first tho lighter and the forested 
soils, because they were easier to handle With the pnmitive instru- 
ments employed than the heavier soils and praine lands, and m 
addition the timbered areas furnished game, firewood, and building 
material” (8, p 1701) 

Wild grasses and sedges figured very significantly m the simple 
farm economy They constituted the chief, if not the only, source 
of hay as well as pasturage If the season favored the farmer, he 
might without much difficulty harvest the hay by a hand scythe 
or a mower But should it be a wet summer, sleds, drawn by horses 
shod with sandal-like shoes, had to be used to haul the hay out of 
the marsh, or it was earned out on a pair of poles by two mdi- 
viduals walkrng tandem fashion If it was impossible to reach the 
farmstead, the hay was temporanly stacked on an i^iland near by 
and removed later to the farm premises when conditions permitted 
Sometimes it had to be cut on the ice, which resulted in forage of 
rather inferior quality 

The farm routine of pioneer days was characteristically built 
up around the seasonal ofitenngs of nature* m spnng and fall, 
fowUngj in summer, wild^utying, fishing, and huckleberrying, H fall 
and Winter, trapping, hunting, and chopping wood The 
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of corn, possibly supplemented by wheat and oats, and the plant- 
ing of potatoes and other garden vegetables, together with a little 
ditchmg by hand in summer, and perhaps some timber clearmg in 
the wmter, rounded out the season’s program Ditching as a legally 
controlled enterprise received attention as early as 1852, and ditch- 
ing by hand was reported in Lake County m 1854 But not until 
steam dredges had been brought into operation in 1884 (3) was there 
any considerable progress made in drainage So the difech may be 
said to be the key to an understanding of the economy of the Kan- 
kakee, of its chronologically and chorographically mt^ated forms 
and functions, just as m most regions roads furnish the index to 
regioncd development With systematic ditchmg came systematic 
ro^ building and the development of a coordinated ditch-road 
settlement pattern, which chiefly characterizes the next two periods 

THE RECBIuATIONISl’fl AND THE RANCHBu’s KANKAKEE 
(1880-1910) 

The erection of large clubhouses for sportsmen (1878-79), the 
introduction of large herds of cattle for range feeding by Nels Moms, 
the Chicago packer, and by others (1880), the use of the steam 
dredge for the first time m the Kankakee (1884) — these may be 
taken as basic enteha for the recognition of a new epoch By this 
time, we are told, nearly all old trappers had left the marsh ** Rats ” 
and certain other fur-beanng animus were still abundant, but pelts 
were cheap, though some forms of animal hfe wore becoming sc^arce if 
not actually extermmated, as m the case of deer (last one reported 
shot m 1880) But wild fowl and fish seemed as plentiful as ever and 
attracted large numbers of sportsmen from far and near, who found 
the marshes and river a ventabl© “hunter’s and fisherman’s par- 
adise ’* Whereas this form of the recreation industry expressed 
itself m seasonal boom days for the otherwise thinly settled nver 
territory, the stage was all set for a reclamation program of the 
marginal marshes This involved at first ditch drainage, pnmanly 
to convert the wild-hay marshes into cattle ranges and gram fields 
to support a hvestock industry 

Ihtch digging, now expecUted by the steam dredge, also facili- 
tated road building, for the ditch spoil bank itself often served as an 
elevated roadbed of porous sands and gravel, excellently drained and 
paasable thiyrnghout the year Railro^ids which were constructed 
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acroAH the swamp and marshes as early as the ’fifties and the Wties 
merely to connett the older and more settled and better developed 
Hoosier eommumties downatate with the coming metropolis of 
Chicago now actually figured m the Kankakee de\elopmcnt along 
agncuitural and recreational Imes 

The ** Hunter* s Paradise** 

Railroads thus ojiened up the once-secluded frontier empire of 
“fur, fowl, and fin” to the sportsmen of distant cities as well as of 
eommumties near by As individuals and as organized clubs they 
came m numbers from Boston, New York, Philadf Iplua, Washington, 
Chicago, and other large cities Though the sportsman’s presence 
in the Kankakee is a matter now largely of a most glonous and 
romantic history, a few geographic landmarks remain the abandoned 
Louisville Clubhouse near Baum’s Bridge, ^^here stands the his- 
torically famous relict houseboat of Lewis Wallace of Ben Hur fame, 
the Diana Club House near Ihayer, the Alpine Clubhouse near 
English Lake, and the Cumberland Lodge m southern Lake County 
(see Map 23) The first three represent rh er sites characteristic of 
the times The last has a marginal marsh-island, oak-grove situ- 
ation 

Several considerations appear to have uifluenced the clubhouse 
sites In the first place, the nver itself was a most potent factor, if 
one may judge from the distribution pattern It had its own peculiar 
charm m its beautiful winding and wooded course By it many a 
hunter, fisherman, and nver resorter entered the region The 
general situation gave ready accessibihty to both the himtmg and 
the fishing grounds Clubhouses, however, were not scattered at 
random along the nver, but usually were located at points of vantage 
representing either favorable dry and elevated sites or transportation 
advantages of a road or a railroad crossing the nver The combined 
influence of commumoation and favorable drainage conditions is 
illustrated by the agglomeration of clubhouses and tent camps which 
were at Shelby and at Water Valley At the latter ate, still a popular 
summer resort, were the Chicago Sportsman Club, the Capitol Club 
of Indianapolis, the Indianapolis, the Rensselaer, and the Dally 
clubs, with the Diana Club just south of the nver The Baum’s 
Bndge clubhouse ate illustrates by way of general atuatioh the 
potent influence of the tongue of high and ever-dry sandy upland 
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Plainfield*' soils, extending southward to the nver This, together 
with a Binular elevated belt on the south side of the nver, forms a sort 
of ndge that bndges the marsh (Map 21) A most important trail 
of the abongine, this crossroads of the nver, swamp, and marsh was 
instrumental m makmg Baum's resort famous Here located the 
clubs of Louisville, Pittsburgh, Rockville, Terre Haute, and Indian- 
apolis (27, p 106) 

Among the clubs which established themselves m the Kankakee 
were the Columbian Huntmg Club on Island No 62 (namekl after the 
number of its membership), that of Logansport, Indiana, whose 
tent camp was pitched on Cornell Island, and ^e De Guila, Alpine, 
Praine, Wallace, La Fayette, and Crawfordsville clubs The smaller 
groups and the individual fowler or fisherman used tents, shanties, or 
cottages A number were accommodated by farmers hvmg on the 
marsh margin 

Catering to the general health-, rest-, or recreation-seekmg re- 
sorters led to the establishment of a number of hotels, as at Thayer 

Heconstructing the former scene of the sportsman's jKankakee, 
we observe that the swamp nmmmg the nver is sufficiently narrow to 
act only as a momentary screen to the completely changed yet hardly 
less charming view of the marsh without Here, as f^ as the eye 
can see, is an expanse of marsh interrupted only by an occasional 
upland oak grove on a sandy knoll or ndge, or possibly by a cluster 
of closely sot pm oaks rising out of the water, with their charactenstio 
scraggy downward-bending dead branches Miniature mounds with 
clumps of grass just emerging from the water betray the somewhat 
undulatmg character of the otherwise markedly far-fiung flatness of 
the submerged terrain Rank sedges and grasses (source of marsh 
hay) and flags mark the shallower stretches With these alternate 
the wild-noe swales, the cattail, spadderdock, and smartweed 
slough, and the reed and lily ponds, water sites throughout the 
year 

Domes of earth and flags, the homes of whole colonies of ^'rats," 
dot the runs of sloughs, pofids, and poorly defined stream channels 
The wild-rice and smartweed fields are the scenes of countless geese 
and ducks and other wild fowl which find here thmr ideal harvest by 
day, and in the neighboring swamp their haven by night In a rath^ 
open spot mts a partly sunken smk^tub, forming an artificial blind 
screen^ the hunter A natural screen almost hides from view the 
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outlines of a pushboat with the hunter, gun in hand, at tho bow 
The pusher m the rear propels the boat by probing a long push paddle 
in the boggy and weedy shallow bottoms of the marsh In the vicinity 
of a flag slough is seen another pushboat hunter thrusting a spear into 
a muskrat mound 

The seasonal arrivals of the various feathered migrants give an 
added animated aspect to the general picture portrayed above *‘In 
the spring, ducks generally began to arrive around the middle of 
February, or as early as February 1 Mallards and pintails were first 
to amve, followed by teals and bluebills, then spoonbills, and 
finally the wood ducks, which came about the muldle of March ^ 
Wood ducks often fed on the timber acorns, others were stnctly 
marsh birds and would not go into the timber swamp except during 
a storm • “Sand Hill cranes and brant were plentiful m early 
spnng, and later came the jacksmpe, plover, and rad to stay till 
the water seeped through the sand on the higher marshes, where the 
prairie chicken could be heard calUng at break of day “ • 

But hunting proved profitable as well as pleasurable Catering 
to hunting parties was an important sourefe of mcome to hotels and 
certam farmsteads The tractless morass and swamp also called for 
pushers who could serve as guides One such individual conceived 
the rather ingenious idea of makmg a geographic survey of the 
marshes on the ice dunng the wmter (Map 22) Several hundred 
copies of this map were sold m bluepnnt form to the visiting hunt- 
ers, who otherwise might, and did, lose themselves occasionally m 
the maze of the wild morasses ^ 

* Interview with the vetentn hunter Mark Anderaon of Knox, Indiana, who 
hunted the Kankakee for fifty years 

* Report of another profei^nal hunter of the Kankakee, George Burk, of 
Valparai^ Indiana 

’ Practically all the islands of any oonsequenoe in the Kankakee marsh 
were named, which mdioates their geographic importance to the sojourning 
sportsman a^ to the native inhabitant Not only did these named landmarlu 
identify the home, elub, and camp sites, but they also served as guideposts to the 
hunter travding in an otherwise traetless marsh 

Their nomendature suggests an Interesting study m toponomy The names 
oharaoterise many features of the topography and impart a certain amount of 
personal local color, as is revealed by sampling the several classes of names ap- 
pearing on Ahlgrbn's map and in Werioh's work There are, first of alL the 
“gsnerfo” topographic terms, suoh as “Island,*^ “ridge,” “knob,” “grov<* and 
“gardem“ To them, in binomial faihkm, are added the “specific “ names fihtwlss 
falling into several eategoriea Thus we have Indian Garden, French mmd, 
Bissau Ridge, Wheeler Knobs; Little Grape Island, White Oak friand, Oooee 
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The Swamp and Marsh ** Natural” iTidusirtes 

Lumbering 

The axe encroaching on the swamp, the sickle advancing mto 
the marsh, the barbed- wire fence enclosing the range, the plow break- 
ing up the praine sod where the steam dredge had dug wide and deep 
drainage ditches n\er-bound — these are additional expressions of 
the human occupance of this period which we shall now consider 

Lumbering, already started m the last epoch, attained its greatest 
yet rather restncted development during this period Among the 
most enterprising sawmillers at this time was A H Ahignm, who 
built sawmills successively near Thayer, Roselawn, and Water V"al- 
ley He still resides at Water Valley where he now operates a summer 
cottage reaort 

As early as 1875 logs wore rafted down the Kankakee River to 
Momence, and, since the timber swamp adjoins the river, this would 
scorn to have boon an ideal situation But n\cr rafting did not 
prove any too practicable, owing to the tortuous and snag-mfested 
channel The numerous spikes which had to be used to secure the 
rafts often proved a menace to the saw miller In the course of time 
stationary and then portable mills came to be located at the source of 
timber, the latter being particularly useful in the small and scattered 
oak-grove ** islands ” 

The swamp elm, ash, maple, pm oak, and burr oak constituted 
th( <hief specKs marketed from the swamp On the sand knobs and 
ridges white oak was extensively exploited Feme posts and fire- 
wood ha\e taken their share of the timber toll Tlie “setting out of 
fires “ ® has reclaimed some of the swamp land for agriculture, but 
extensive tracts of fireil timber are umitilucd and present a pitiable 
s]>ectacle of despoliation 

Marsh Haying 

Marsh-hay exploitation at this time was a commercial venture 
on a large scale With the subsidence of the high spring floods 

Island, Skunk Knobs, Txaig Htdge, Flat Island, Shanty Island, Bridge Iriand, 
Bogus Island, Tstand Six to Two 

Another set of terms Identified water forms of the marsh, swamp, and river, 
for example Flag Pond, Wild Cat Swamp, Sandy Hook Creek, Cornell’s Bayou 
Pottawatomie Ford, Frenohroan Slough, South Marsh, Devil s Raoe Traoky 

* Said by Richard T ieher, former head of the Conservation Department df 
Indiana, to bo a typical ^'Hoosierism ’ 
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about the first of May the wild sedges and grasses were ready to be 
cut in July and August What was not summer-pastured, or fed 
locally as winter forage, was baled by large steam presses and ex- 
ported The vaneties of short and long, t( nder and tough sedges and 
grasses adapted the hay to various uses From the upper shallower 
marsh sites and along the “ islands*' was tut the shorter, tender, more 
sucdilcnt, and nutritious feeding hay, Iht lower deeper marshes 
yielded rank and tough growths, which were shipped, to Chicago, 
for example, as bedding or packing hay 

Stock Grazing 

The marsh-hay pastures and the ‘‘island’* oak groves invited a 
cattle economy which was dcvtloptd first and foremost by Nels 
Morris, the Chuago packer Practically all the true Kankakee 
marsh and swamp lands of Jasptr County and northfast Newton 
C ounty, totaling 23,000 aerts, were taken over by him Thousands 
of head of tattle, many from Texas, were shipjxd m and grazed on 
tracts ft need into units the ‘tize of a settioii or so, imparting tht 
aspect of a western ranch with its picturesque professional cow- 
pun chtr 

Other ranches mtluded the wtll-known Brown estate m southern 
Lake County, partly protected from flotid by a privately constructed 
dike or “ levee *’ , and another ranch of about 6,000 acres ntar Thayer, 
Newton County 

THE KECLAMATIONIST’s AND THF BESOBTBr’s KANKAKEE 

(mo—) 

The Kankakee is a quandary If one were to ask today “What 
does the Kankakee represent?” the answer would probably be one of 
two opposing typts (1) It represents a land that “God forgot to 
fimsh,” a man-rtclauned area of extraordinary fertility, (2) It repre- 
sents a manhandled marsh, a failure as a reclamation project, a sub- 
stitution of unproductive lands for the most ideally adjusted wild-hfe 
forms of plant and animal, so essential to the nation’s conservation 
program A survey of the physical and cultural setup should help m 
clarifying the situation The regional quality of the Kankakee may 
be assayed (1) by comparing it with its neighbonng morainal uplands 
and (2) by taking a qualitative-quantitative inventory of the re- 
sources of its component divisions 
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The panoramic map (Map 23) may be Haul to express the sum 
and substance of the author^s contribution to Kankakee chorography 
Together with explanatory notes it records the essential results of 
both personal field survey and literary research Its ( rop-cover analy- 
sis and land-soil synthesis are offered as a moie or less self-contained 
umt * It remains to mterpret these data along with the question- 
naire interviews in terms of the present human ociupanco and 
economy 

The area as delineated represents tlu river territory of some 620 
square miles embraced Mithm the so-callcd “Kankakee Gram and 
Pasture” agricultural division of northwest Indiana This division 
practically comiidcR with the sandy “Maumcc-Plamfidd-Ncwton ’ 
Muck” soil province, to which the Kankakee proper adds the Swamp 
Once an ancient lake bottom, the far-flung Kankakee terrain, inter- 
rupted only locally by sand knobs and ridgt s, conduced to readiness 
of cultivation m large field units Quarter or half sections of corn 
divided by few fence lines arc not uncommon Large level field 
units favor tractor farming, and make for large fanns, many of them 
a half section or more, as compared with the quarter-section fann 
on the rolling nmmmg moraine But large farms involve large m- 
vestments, particularly in the case of virgin bottom land held at 
imtial high figures and subject to drainage assessments 1 he result 
is that the larger Kankakee farms show an extraordinarily high per- 
centage of tenant operators, as high as 85 90 lent in some lo- 
calities, whereas on the neighbonng uplands one half or more of 
the farms are operator-owned Combined frequently with uncertain 
or short-term lewises, such a system conduces to a more or less ex- 
ploitative type of gram farmmg, without proper regard for the place 
of the animal industries m helping to maintain soil productivity 
Once famous for its large ranches of beef cattle, the Kankakee today 
IS noted for its cereal culture Livestock consists chiefly of small 
dairy herds normally ranging from six to a dozen head and of swine 
about twice that number Ihe swing in latter years to dairying 
in the form of whole-milk production reflects the proximate position 
of the Kankakee with respect to Chicago Its more distant position 
and poorer quality of pasture, however, put it at a certain disad- 
vantage as against the closer competing areas 

• NttUwftl cover and crops are represented by superimpoaed color* on the 
author’* hand-colored map 
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The shorter frost-free season in the Kankaki ( as compared with 
the neighbonng upland is no doubt chiefly due to air drainage, lo- 
cally influenced further by muck soil 

/Subsoil 

The sandy and gravelly substratum deposited in the original 
Kankakee lake hasin has proved at once the boon and the bane of 
its agnculture Facilitatmg subsurface drainage, the light and porous 
subsoil is responsible for heavy leaching Lspicially is thi^ a vital 
factor when one considers the liinited rAIe livestock plays in the ex- 
tensive cereal type of farming, m whuh animal manures are iiuite 
negligible Consequently fields planted to corn art now almost reg- 
ularly fertilized (about 100 lb of commercial fertibzer to the acre), 
as 18 practically true also of wheat 

Soil 

Tho dozen or more different noil types, represented in part by a 
variable classification and scale in the s(\eral counties^ may be re- 
duced to a regional basuS of five serial units Plainfield, Newton, 
Maumet) Swamp, and Much Their areal simad is incluattd below 
Maumee, rated m general a« an all-round good sod, cor^pnses about 
three fifths of tho Katiltakec area, whereas Muck, covenng on addi- 
tional seventh, m, il fei^ile organic sod well adapktl to special trops, 
such as mint, com, and certain truck products The remaining 
approximate fou^h embraces Plainfield and Newton, mostly lean, 
hght-textufed soils, and the Swamp, mostly represeiitative of burned 
or partly cleared timber wastes 

Drainage System 

As pointed out aho\e, the c^orographic development of the Kan- 
kakee IS a function of the drainsige ditch, without which the expan- 
sion of agriculture would have been impossible 

Dug by hand m pioneer days, then by oxqn and horses, and 
finally by stec^ dredge, mtroducod at the begmfnng of the last 
epoch (1884), drainage ditches were extended farther and farther from 
the marsh margin into the river swamp Tho Kankakee River itaplf 
finally was straightened in Indiana, first in its headwaters and then 
all the way to the state lino (1006-17) In addition to the drainage 
ditch, the reclamation system locally includes tile drainage and levee 
protection (for example, Brown Levee m southern Lake County) 
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The most remarkable fact about the present drainage setup is 
its marked artificial character Thw is stnkmgly expressed by the 
reetilmear pattern of the numerous ditches with straight angular 
courses and profiles (Map 24), frequently acctntuattd by high- 
banked spoil ridges flanking the ditches 

The reclamation program utilized in part the original natural 
channels of stream drainage, which were straightened and tnlarged 
Much more ditch mileage, however, is represented in the newly dug 
trenchlike drainage lines which m large areas conform to the regu- 
larity of a road pattern Together these form an elaborate (hssee- 
tion of the Kankakee, plain, m which practically eaeh stetion lie^s 
witlun only a mile, or a mile and a half, of a drainage dite h, wht n as 
the majority of sections regularly have one and oecaMonally two 
ditches transee ting or flanking them 

Three general classes of drainage areas and associated types of 
drainage features may he recognized 

(1) Along the river is the swamp, for a convenient boundary of 
which wc may take the high water line shown on Map 24 Witlun 
this area, which is generally still underdrkmed and subject to peri- 
odic overflow, we have first of all the Mille r-Plaee^ Marble “Williams' 
dite^heii Jointly they represent the dredged equivalent of the original 
meandering Kankakee The straightened and de epe ned and wide ne d 
channel follows only the most general trend of th* early river and 
IS for the most part flanked by lugh spoil banks The digging of the 
big ditch and the dumping of the spoil material have all but oblit- 
erated the original river meanders, bayous, and oxbows, though occa- 
sionally one has been spared 

Associated locally with the mam ditch are levees and parallel 
relief ditches, which could almost be regarded as a part of the nv er 
system, tributary swamp feeders enter the mam line of dramagi 
mostly at right angles, in trellis fashion 

(2) The marginal marsh whose drainage lines characteristically 
follow the parent natural stream channels have preserv ed somewhat 
the original dendntic pattern These ditches, m their headwaters 
at least, follow rather closely the trend of the ancestral creeks which 
descended the marginal moraines and debouched their waters into 
the marsh 

(3) Finally, ditches of a third class may be regarded as artificial 
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^'oxtencled consequent ‘t,” which lead the water from the marginal 
marsh ditches into the mam channel 

Ihe lack of sufficunt fall directly nverward resulted m the jie- 
culiar deflection westward of these loi\er marsh drainage lourses 
Examples of these drainage units nJnnmg almost paralhl to the 
river ditch are the Singleton and Brown ditches in Tjake ( ounty 
and the Hodge ditch m Jaspt r C ounty 

Ditdies commonly are tight, fifteen, and twenty ftet m width, 
a numb* r of them are as much as a half chain wide The mer ditch 
in its lower course ranges from one and om-half to two chains in 
width In addition, almost an equal space is occupied jointly by 
the berm artd the spoil bank, although in some places the pxca\ntcd 
material of the smaller ehtches is leveled off and becomes part of 
the cultivated fit Id 


Agricultural Forms 

CropH 

“Com IS King" in the Kankaku, kpparently occupying more 
acreage than all other cultivable crops together Oats ranks next, 
followed by wheat Both plow pasture and forage crops are dost 
mals of wheat for third place This order likewise expresses the 
normal sequence of crop rotation (c-o-w-p), though the cycle may 
Stop with three or two creips Thus plow pastures are renewed nor- 
mally about every fourth year 

Cereal crop yields on the better Kankakee soils (Maunu e-Muck 
Swamp) probably in general run from 26 to 50 per cent high* r than 
on the bounding Uplands, 35 to 40 bmshels of corn to the acre being 
not uncommon But the soils generally, as pointed out above, show 
a marked tendency toward depreciation Thus they express a con- 
dition of both strength and weakness Particular soil adaptations 
are discussed below under the several soil-land heads In addition 
to these influences, several crop eoncentrations are noted as influ- 
enced by factors quite independent of any particular soil tyjie 
The author's survey reveals a marked regional differentiation in 
the amount of acreage devoted to wheat m the eastern half as com- 
pared with the western Proportiondtely mtich more wheat is raised 
east of La Crosse, or the Porter-Ijake and Jasjier-Starke county 
lines, than west of them Ihis condition seems to be related to the 
higher position and hence the dner condition of the upper valley 
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Mint 18 confined to the Muck areas or mucky phases of the 
Maumee east of the Hanna-North Judson hnt though the Kan- 
kakee soils collectively and individually arc pcdiharly well adapted 
for growing truck products, proximity to (onsummg cintcrs or stor- 
age and marketing facilities results in kxal < onf i ntrutions, such as 
at Dc Mottc, North Judson, and particularly at 8outh Bend 

The general friability of tlu Kankakie soils, hk( the livelness 
of tlic terrain, facihtatis plowing and cultivation Sticky clays or 
cloddy textures an jiractically unknown On the other hand, cer- 
tain types, su(h as the Plainfidd or the hghter Muck, arc so light 
that they will “blow ” Roots of plants may thus be exposed or the 
whole plant dislodged furthermore, muck dust makes cultivation 
on windy days unpleasant for both man and lieast A farmer on 
muck ground remarked “ 1 here was a time when wt ‘ drowut d out\ 
there are times now when we Treeze out*, and thin again we may 
‘blow out* ’* 

The general conditions of the subsurface drainage appiar quite 
satisfactory (25) It is only natural, however, that m a dry season 
the ground water table level should be found too low on the sandy 
uplands, and in the wet season too high on the low swales It ap- 
pears also that, when droughts do occur, th< crops on the upper 
sancher areas may “burn up** in a day or two, whereas on the bor- 
dering moraine uplands the effects are felt gradually 

Having to reckon with but few surface obstacles, except m the 
swamp, the ditch-chgging program was primarily concerned with 
getting sufficient fall, an important item m a nearly level country 
where the coarse sandy sediments have a tendency to fill up the 
ditch Associated with this phenomenon, the growth of cattails, 
bladderwort, and other aquatic forms check the current and, to- 
gether with sand dqiosits, clt>g the drainage lines Either of these 
conditions in time necessitates recleaning 

Pasture and Waste Lands 

The Kankakee is identified with the so-called Gram and Pasture 
region of Indiana In the Kankakee reclaimed area proper about 
one i ighth of the cultivable area is m plow or rotation pasture, and 
with gram shares the better lands, the Maumee and the Muck 
Much of the Kankakee pasturage, however, is relegated to the mkr- 
ginal, bght, rolhng, and partly wooded Plainfield and closely asso- 
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ciated Newton As much as 25 to 40 per cent of the Plainfield groves 
IS pastured This type of native pasture is of rather inferior quality ^ 
with a ferrying capacity of one grazing unit to 5-10 acres 

A much smaller innentage of the Swamp is used for pasture 
on account of the inadequate drainage and the extensive cover of 
timber, brush, and rank ^eeds 

(/ontrasting with the regular rectangular grain fields and plow 
pasture, the outline of the native pastures is notoriously irregular, 
bounding a Plainfield ndge or knoll or enclosing an irregular brush 
or stump cleanng in the swamp 

While moat of the Swamp and much of the Plainfield timbered 
areas represent practically waste land, the ^‘broken" marsh and 
swamp areas have an insignificantly small acreage lying idle, as 
indicated by an x on the Chorography map (Map 23) Th( small 
widely scattered units amount to hardly three stctions of all those 
mapped, or barely two iier cent of the whole cultivable area of the 
inner Kankakee basin Even some of this represents only tempora- 
nly fallow fields 

One of the most singular expressions of agricultural adjustments 
ansing from the ditch-digging program m the Kankakee is the ap- 
propriation of ditch water for livestock A large number of ditches 
are suffi< lently below the ground water table to offer a more or less 
permanent supply of good water, though stagnation and heavy iron 
flocculations sometimes re^iult when the water table gets too low, 
or when partial clogging of the ditch occurs, as mentioned above 
But ditches were not designed to be natural watering troughs” for 
stock to trample around in, in fact, there appears to be a regula- 
tion against the use of the drainage ditch for this purpose At any 
rate, in nearly every case the ditch is outside the regular pasture 
bounds, and its water is made available to stock by extending the 
fence at certain points part way into the ditch 

Settlement and Circulation 

Farmhouses average somewhat less than three to the square mile, 
or a total of some 1,800 for the region Unlike the more or leas 
even distribution on the marginal moraine country, the occupance 
pattern shows marked local concentrations, as wiU be brought out 
in discussing the respective types below 

The reclamation of the original Kankakee on a large scale was 
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made possible mainly through the relatively few but extensive hold- 
ings of land companies or individuals who offered the land for sale 
undeveloped or improved I he ready-made farm unit tended to 
assume a standard type — a half stction of land with a frame T or 
L structure of seven or eight rooms, or the cheaper square double- 
story type As the Kankakee became more settled vanablc types 
were introduced 

More tlian half of the farmsteads of the Kankakee are located on 
a hard-surfaced highway of some kind, commonly of giavel or mac- 
adam, or, as m the case of superhighways, of asphalt-macadam or 
concrete Only very few of the remaining farmers are more than 
mile from an improved road But under modern drainage conditions 
even the ordinary *‘dirt” road is seldom impassable, o^\lng to the 
sandy base The ready subsurface drainage, combined with the fre- 
quent availability of ditch-dredgtd mate nal for elevating the roadbed, 
has proved a great asset to the Kankakit road-building program 

Towns 

With few exceptions tin towns, as shown on Map 23, may be 
said to belong to the bordenug moraines rather than to the inner 
basin proper Their marginal position clearly is determined by the 
bamer influence of the early “marsh” to encroaching settlements 

Of the score of settlements that nm the basin, only one, that of 
South Bend at the head of the valley, is a ranking mdustnal com- 
munity, it has a population of over a hundred thousand Several 
of the larger towns have a population of from one to two thousand, 
most of them have less than five or six hundred inhabitants 

Gram elevators, a few warehouses for storage of truck products 
(m the east), and an occasional light industry, such as a pickle- 
preservmg plant at Knox, enter into the simple extracommercial 
core setup of the Kankakee trading centers 

Regional Subdivision 

The Kankakee region may be regarded as made up physiograph- 
ically of only two consohdated divisions a narrow but practically 
continuous timber swamp in the river bottoms and the extensive 
marsh prairie of the flat-floored valley A very general distinction 
may also be recogniued topographically (geographically) between the 
eastern and western halves in that the former lies higher, has a 
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greater average width but a narrower and finally disappearing swamp, 
features larger muck areas, with mint culture (altogether absent m 
the west) , and produces proportionately more wheat and truck On 
the other hand, practically all the river resorts and amusement 
centers were and still art m the western half 

Basts far Anal Differ enltahon 

Jitxcept for the general divisions given above, the Kankakee does 
not appear to lend itself to a simple dissection into unified homo- 
geneous units bubregionai treatment rather involves a recognition 
of a Unit form as consisting of small patches of the landscape reJait d 
in structure and origin, however discontinuous and dispersed they 
may be Ihe basis for such areal differentiation is found in the 
diverse land-soil formations of the valley Comprising a dozen or 
more soil tyjiea, the soils for purposes of a regional classification may 
be reduced to five structuial classes rtfict tive of land surface as well 
as soil characteristics — Plamfidd, Newton, Maumte, Swamp, and 
Muck 

Landform and Land-Use Patterns 

Plainfield The Farmsteaded ** Island ” — The sandy and roll- 
ing Plamfield is at once next to the h ast and yet the most important 
topographic unit in the Kankaktc Aside from the Swamp, it em- 
braces by far the greatest percentage of untilled land, ho^^eveT, it 
can claim more farmsteads per unit area than the other four units 
combined 

Occurring m the form of islands m the early wet marsh, the Plain- 
field still forms the most striking natural dement of the praine land- 
scape m terms of both landform and natural vegetation As indi- 
cated on Map 23, the insular units are quite regulariy distributed 
and range in size from a mere knol) large enough to accommodate a 
single small farmstead up to a square mile or more in area The 
Plamfield as mapped includes a small amount of heavier clayey 
phases that do not form conspicuous nses The areas defimtely 
ndged or elevated are included in a dotted Ime on the map, repre- 
senting the basal contour above which the roughly estimated average 
(or common) and maximum heights are recorded in feet Thus on 
inventory of a score of recorded values for each of five couhtieS shows 
an average of 5 and 10 feet for common and maximum dunal heights, 
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respectively Small knobs generally do not riHc much over 5 feet, 
the higher ndgcs run from 15 to 20 feet, and, in extraordmary cases, 
from 30 to 35 feet in height These elevated tracts assume the form 
of small circular or oval mounds (H 4, U 31), or long, narrow linear 
ndgcs (L 11, N 4), or very irregular outlines (D 19, V 5) 

Forming the i arlicst sites of cultivation as well as habitation, the 
Plainfield is today agriculturally noted chiefly for its rt'oodlot or herb 
pastoral economy It is the only landform, aside from the Swamp, 
ui whifli the area devoted to grazing is practically equal to or even 
greater than that devoted to wheat and oats combined, or to (vim 
culture Representing only about one fifth of the area of the fertile 
Maumee, it has nearly one half as inu( h pastoral acreage Howev er, 
its graring value, as was {xnnted out above, is mut h inferior, and in 
part tepresents actually waste land Whereas the carrying cajiacity 
of the Maumee is probably around 1 J-2 acres x>cr head, the Plain fu Id 
requires 5-10 at res After the cereals be ans, rye, forage crops, and 
truck follow m importance In view of the guural droughtiness of 
the lighter soils, which makes the gfowing of other forage and green 
manure crops difficult, soy beans (and locally cowpeas) prove a god- 
send to the sandy areas Proportionately, the Plainfield has five 
tintes as much acieage in soy beans as the Maumee The larger Kan- 
kakee soil provulce ranks first m the state in rye production A 
characteristically poor soil crop, rye practically coincides m its dis- 
thbution ivith the Plainfield 

The sinuous ridges of the Plainfield break up the horizontal as 
well as the vertical monotony of the Kankakee landscape Cultivatf d 
fields are interrupted, winding fences bound the ridge pastures, and 
extensive unoccupied areas m one section (D 19) contrast with the 
numerous small closely set farmstead groves in another section 
(T 10) Plainfield houses average eight to the square mile and show 
a tendency to be agglomerative (E 16, O 26, W 27, 34, 3) Though 
the former necessity for living here has passed owing to adequate 
drainage, the prame ''islands” supply natural shade trees and make 
for dty farm lots, even in the wettest season Besides they command 
a view above dnd beyond the surrounding “eornscape ” 

MattMee The Kankakee "Comscape” — In tertns of area or 
productivity the Mainnee exceeds in importance not onl> any other 

Letters and numbers refer to strip and section location on the Chorograph) 
map (Map 23) 
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Kankakco form but ail the others combi ned It is the fundamental 
or basic structural unit of the Kankakee Generally characterised 
by large continuous units, it is especially dominant m the eastern 
half, where, in the former “Grand Marsh” area, or southern La Porte 
County, and its adjacent parts in northern Starke County, it forms 
only a slightly interrupted unit of some 150 square miles, or nearly 
one fourth of the whole marsh 

Consisting largely of sandy loams and aggregating some three 
fifths of the whole area, it has a relative productivity several times 
this ratio And so the Maumee may be truly said to be the “key to 
Kankakee agriculture ” It seems quite equally adapted to the grow- 
ing of all the Kankakee crops 

While averaging only two, or only one fourth of the number of 
farmhouses per square mile as compared with the Plainfield, the 
Maumee outranks the Muck- Swamp combined two to one Since it 
represents the later lands in the Kankakee to be reclaimed, one would 
not expect to find remnants of pioneer homesteads on this type, as 
in the case of the Plainfield and the Newton 

Newton The Plainfield-Maumee Transition — The Newton 
assumes an intermediate classification between the Plainfield and the 
Maumee m essentially all soil and topographic features Lying char- 
acteristically between the higher Plainfield and the lower Maumee, 
it partakes now of the former characteristics, now of the latter, with 
transitional phases difficult to identify definitely with the one or the 
other 

Generally hght in texture, similar to certain phases of the sandy 
Plainfield, the typical dark brown of the Newton is suggestive of the 
Maumee Its natural cover now may partake of the Plamfield oak 
association, and again may represent a transition mixture of swamp 
pm oak and upland black-white oak, or occur m the form of a swamp 
outlier of pm oak Marsh herb no doubt also entered locally into the 
ongmal composition 

The crop-distnbution analysis seems to suggest nothing much 
out of the ordinary, except a disproportionately large acreage of oats 

Averaging per unit slightly less than half the number of Plamfield 
farmsteads, the Newton does show defimtely the effects of its eleva- 
tion above the Maumee m having nearly twice as many houses 
relatively as the latter 

Muck The Mint Formation — Constituting about 16 per cent 
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of the area, the Muck occupies the former sites of shallow lake basins 
and swales and tributary valleys more or Ics^ permanently covered 
with standing water m whnh grew cattails, reeds, flags, aquatic 
sedges and grasses, and other forms of vegetation Ihe high organic 
content of '‘raw” muck (or peat) is illustrated by the shrinking which 
results when a farmer sets out a hre on this type Such a practice is 
said to be beneficial m preparing the unbroken muc k pasture for its 
initial crop of Hungarian millet, barley, or oats, after which it is 
ready for com 

Distnbution of the Muck is spotty and irregular, with a few 
large contiguous areas in southern Lake (^ounty (site of the former 
“Deep Marsh”) in the English Lake distriet and in the eastern third 
of the valley 

Among the last lands to be drained, these Muck areas have lost 
practically every trace of their former herb (wild-nce) cover, and in 
its place we find an almost complete utilization for any combination 
of Kankakee crops Only locally, where inadequate drainage permits 
rank weeds to choke out the cultivated products, do wt find an idle 
field (I 35, U 30, river section) 

Muck IS mint ground, and here figures prominently in the reputa- 
tion which Indiana holds as the first ranking state m mint production 
For some reason mint has not yet invaded the large muc k ‘icction of 
Lake County, and apparently has not advanced westward beyond 
the English Lake district Mint economy fits in wc 11 with corn c ul- 
ture, for muck is excdlently adapted to Ixith crops 

Muck areas arc distinctive not only for their low, level, black 
fields, but also for an almost complete absence of farmsteads These 
average only about one half to the square mile, or about one fifth of 
the average of the valley, or one fifteenth of the Plainfield Muck 
dust IS a real nuisance to the farmer's home within as well os without, 
and 80 he locates on the edge rather than in the heart of a large muck 
field On the other hand, one type of structure is almost uniformly 
a fixture of the muck-mint landscape — a mint still, which approxi- 
mates the size of a small two- or three-room bouse 

Swamp The Timber Formation — The Swamp proper follows 
the Kankakee River for two thirds of the dustanee from Momence to 
South Bend It forms a belt generally less than a mile m width, but 
attains a maximum of some two or three miles m its middle course in 
northern Jasper and adjacent counties In addition, several square 
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miles of swamp land, mostly cleared, appears along the Yellow River, 
tributary of the Kankakee A comparison of the Fundament map 
(Map 21) with the modern survey shows only slight (hanges in the 
former general pattern of timber distnbution nu ident to the ret lama- 
tion program The onginal dominant species comjiosition as re- 
ported in the survey notes of Unah Briggs — “ash, elm, maple, oak, 
and birch — has not changed, except totally where ixipple invades 
the cleariugH 

On the other hand, the type of stand tir stockmg of the timber 
has changed tremendously Once including many towering and 
massive trunks up to three or four feet m diameter, the modern 
Swamp has only a very sparse sprinkling of piaples, ehns, and other 
species of merchantable log cpiahty The c harat teristic stand is 
made up of young timber under three or from three to six inches m 
diameter, with a spnnkling of timlic r six to twelve mches in diameter 
(K 9, N 28, b 5) 

Repeated attacks by axe, fire, and fmigus have produced a motley 
patched effect of black fire-cliarred or disease-ndden trunks mingled 
with scattered sprouting stumps, thick rc production stands of single 
species, the whole interspersed with a brush undergrowth of rank 
shrubs and weeds Locally the partly cleared areas are pastured 
Ihese take on more of a grove aspect, are relatively free from under- 
brush, and occasionally form meadows with only here and there 
clumps of bushes 

Corn is practically the only crop of importance in the Kankakee 
swamp Oats and wheat are represented sparmgly, chiefly in the 
Yellow River temtory, locally also a truck patch The soil, of a 
generally hght texture with an admixture of nonlmrmfied wood, seems 
readily convertible into productive com land, but be( ause of proxim- 
ity tp the river is mostly subject to overflow dunng times of high 
water Late spring floods may thus unduly {postpone the planting 
season 

Recreation and Coneervaiion 

The Swamp represents the last line of retreat for the roereationist 
And by thp final straightemng out of the old meandering Kankakee 
in Indiana the resorter has lost all but a few remnants of the natural 
landscape which lends charm to such a nver retreat The name 
Kankakee itself seems doomed to extinction, since some people now 
refer to the Miller, Place, Marble, and Williams' ditches instead. 
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The deeply trenehcd atid highly hanked nvrr diteh, a fhain or 
two wide, with itw raihtr rapidly moving curn nt and load of sand, 
haw httU to offer in the ay of n\tr scenery or s|x)rt Once nation- 
ally famous for its natural ( harm, for fishing and boating, the <lrt dged 
Kankakee of today seems popular locally only for bathing where the 
eurrait is not too siMft The effect of river straightening on resort 
developments is strikingly manifested by contrasted conditions on 
the two sid( s of the Illinois Indiana state line The Illinois Kankakt e 
above Momence, with its essentially unmodihed imandcnng course, 
can boast of nearly a score of resort establishments These include 
some 275 cottages within the short distance of less than a dozen mile a 
of nver front, whereas, on the Indiana side, for a disfaiuc of over 85 
miles, tlie re are hardly a half-dozen resort groups, whieh number 
only some 125 cottages, including the unusually large Bohemian 
resort of about 80 re si donees 

The river resorts and recreation e enters vary m morphological 
typo, conditions of settlement, and points of attraction We note the 
following the pretentious Bohemian “Siimav a I ore at Ilesorts'’ just 
mentioiu d, a type of colony in Ne wton County with urban e haracte r- 
istios, the ‘ None-huch* camp (A 22) featuring horse racing, the 
“Garden of Fdeii Golf Club'’ (C 13), and the resorts, pieme camp 
grounds, or daneing pavilions at or ne ar nver-bndge sites, sue h as at 
Baum's (O 26) and Dunne's (Q 16) and at Shelby (H 33) 

Pinally, the Kankakee State Game Preserve (Starke La Porte 
counties) and the private Cameron duek farm (iie:)rtheast Newton 
County) re pre sent, wo might say, the salvaged residue of the Kanka- 
kee swamp lands and wild life 


SUMMARY AND COW LUSIONH 

Ihe Kankakee region of northern Indiana represents an intcr- 
moramal marsh reclaimed sector of the Corn Belt, with a unique 
histoncogeographic setting 

A study of the conditions of the fundament reveals a threefold 
classification of primary land-surface forms the herb marsh, the 
timber swamp, and the uplands consisting in part ot sandy “barrens" 
and dunal oak groves The uplands made possible the early habita- 
tion of the otherwise inhospitable marsh-swamp, a site influence m 
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modified form still conspicuously noticeable in the present reclaimed 
Kankakee 

After a tn aty by the native Pottawatomie with the Fed( ral 
Government m 1832^ providing for the relinquishment of the territory 
held by tht Indian, the marsh wilderness entered upon a century of 
progress, paralleling the period of urban development of the neigh- 
boring metropolis, Chicago, less than fifty miics from its western 
extre mity 

1 he drama staged in the Kankakee presents a sue cession of distinet 
areal scenes and groups of actors The general theme, as disclosed 
by the several regional forms of occupance, features a continuous 
struggle bet wee n two forces — those intent on preserving the wild- 
life forms of plant and animal for their economic, recreational, and 
conservational utility, as against the group organized to further the 
program of reclamation A network of drainage ditches tnbutary 
to the straightened, deepened, and widened Kankakee River attests 
to the complete dispossession of the former group, except locally 
along the nver ditch 

A regional land-surface and soil survey of the reclaimed Kankakee 
suggests a fivefold physiographic division based on homogeneity of 
structural and genetic features Except for the Swamp, these con- 
stitute an otherwise disordered pattern They include the Plainfield, 
or farmstead! d ‘ ‘ island ** and woodloi-pasturt formation , the Newton, 
the PJainfield-Maumee trmsition, the Maumee, the “comscape”, 
Muck, the mint soil, and Swamp, the nver-timber formation and 
resorter’s retreat Ihese constitute approximately 13, 5, 60, 15, and 
7 per cent of the area, respectively 

Rural settlemtnt within the area is found to be most remark- 
ably related to the diverse surface and soil influences Farmsteads 
average a littlt less than three per square mile, the proportions of 
farmhouse distribution for these physiographic divisions approximate 
22 1, 91, 5 1, 151, 11, respectively borne four hundred re- 
sort cottages are found along the nver ditch, mostly along the 
“natural" Kankakee on the Illinois side 

A sectional gnd road system, 56 per cent hard-surfaced, makes 
for ready internal circulation and external contact with the nm of a 
score of towns which outline the boundary of the early marsh 

Agitation to restore parts of the once nationally famous “hunter's 
and fisherman's paradise" raises the questions, “Has the reclamation 
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program justified itself?*^ and “Is partial marsh restoration prac- 
ticable?” 

Inventory of soils, crops, and occiipance conditions seems to prove 
the general fitness of the Kankakee for agricultural use 1 he lands 
of marginal utility or waste areas are included chn fly in the narrow 
imperfectly drained Swamp, and the local spots of the droughty sandy 
Plainfield Yet it is doubtful whether suth a grand hav( n of wild life 
would ever again be permitted to be dt spoiled by man 

Salvaging areas for wild life presents both economic and ingiuoor- 
ing difficulties Most promising is the swamp tract of some twelve 
sections of fire-scarred timber, chiefly m northern Jasper CVninty 
In addition to the possible limited expansion of the swamp i on- 
servation and resorting program, we may expet t other change s m t he 
future smaller farms, a larger animal industry, particularly dairying, 
and increased trucking On the basis of the prcdit t< d unprecedented 
growth of the metropolitan distnct to the northwest, the Kankakee 
trucking areas may yet become “The Garden of Chicago ” 

Valpakaiso Univbrsitt 
Valparaiso, Indiana 
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A STUDY OF THE POPULATION GROWTH 
OF NEW \ORK STATE 

H rHOMPS<^N STRAW 

T he purpose of this paper is to divide New York State into areas 
atcording to population growth (see Map 25) In order to do 
this the population graph of each minor civil division, in this case 
the town, has been compared with the ideal population graph as con- 
structed by Dodge ‘ Thus, if the town has had a continuous growth 
of population up to 1930, it is placed in the first (lass If dec line has 
occurred, but the population is more than three fourths of the maxi- 
mum, the town is placed in the class of relatively stable If the popu- 
lation IS between three fourths and one half of the maximum, the town 
IS placed in the class of partial decline If the decline is more than one 
half, the town is place d in the elass of marked dt elmt 

Probably the most outstanding fact concerning the distribution 
of the various e ate gone s of |>opuIation growth and decline of New 
York State is that withm a state which has enjoyed a continuous and 
steady growth from 1790 to 1930, and whose rate of increase has ex- 
ceeded that of the entire nation, there should In included so much 
area which has suffere d a marked decline in population 1 his seems 
still more unusual when the state is considered by county units Of 
the sixty-two counties, thirty-three, or more than half, are still in- 
creasing in jHipulation , only twe nty-iime, or 40 per cent, have reache d 
a redatively stable cemdition, and only two have suffered a decline 
and that, in each case, has been but partial 

There are in general two major areas of marked doclme Both are 
m those parts of the state having the greatest relief the Adirondacks, 
and the Catskills and the northward extension of the Appalachian 
Plateau Both have embedded within them some sections which are 
still increasing in population In the Adirondacks these are of a small 

‘ 1* or a more dotalled explanation of thia method aco Dodge, Stanley D , 
“A Study of Populalnwi in Vermont and New Hampshire,** Pap Mich Amd 
Set , Arte and LeUere, 18 (1932) 131-134 1933 
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density of population and are in general associated with the growth 
of resort places, a development which has taken place within the past 
thirty years In the Catskills and the Appalachian Plateau, however, 
these sections are located mainly m the southern part, and the north 
contains most of the towns of marked decline These subdivisions 
are somewhat similar in that they both possess relatively high alti- 
tudes and rugged relief, but the southern tier of counties includes 
certain broad rich valleys and has the advantage of an east-west 
route of travel along the river valleys of the Susquehanna and the 
Chemung, which is second only to the route through the Great L 
Valley Most of the sections of continued growth are associated either 
with the small market towns of the valleys or, as in the case of the 
areas about Elmira and Binghamton, with large cities 

The major distribution of areas which have continued to grow in 
population, although contiguous, may be divided into three parts 
Furet, there is the area about New York City, including both the larger 
part of Ixmg Island and that part of the state immediately north and 
northwest of the city, second, the central portion of the Great L 
Valley,* in which there is an almost continuous line of towns from New 
York to Buffalo, the population of which is still growing, and third, 
the area about such lake-port cities as Buffalo and Kochester In 
passmg, it is of interest to note that these areas of mcrcase represent 
a little over 10 per cent of that of the state, and as early as 1915 they 
contained, according to Brigham,* 70 87 per cent of the population 
of the state Later studies have mdicated their continued mcrease 
since that time * 

A glance at a relief map shows that those areas of population 
growth are within the lowland portion of the state mainly below the 
600-foot contour level To understand this concentration and con- 
tinued growth of population, however, it is necessary to understand 
the social processes which underhe and to some extent explain the 
present-day distnbution They are the migration from farms to 
urban centers, which began in New York State about 1880, the urban- 
ization process, which began about 1850, and the suburbanization of 

> Brigham, A P , "‘The Population of New York State/' Oeog Rev , 2 216 
1916 

* Op af , p 216 

* Report of the Committee on Houmng and Regional Planning to <ke Alfred B 

pp 13, 36 The pertinent part of this report may be oonsulted more oon- 
veniendy in Anderson, p 16, as cited in note 5 
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Populaiton Growth of New York State 

areas adjacent to urban centers, which began around New York City 
about 1900 and which, within the last few years, has greatly increased 
m rapidity and extent * 

The area of continued growth about New York City is largely due 
to the suburbanization trend within the past three decades C heaper 
living conditions, especially land pnees and rents, coupled with the 
desire of many people to live m the open country, have motivated the 
migration • The recent development of hard-surfaced roads has ac- 
celerated and extended the movement 

The area of contmued growth m central portions of the Great L 
Valley is associated with the growth of urbanism withm the state and 
has been augmented by the migration of farm population from areas 
which did not possess large cities ’ and by the suburban development 
about each urban center Tins valley contams the major industrial 
and transportational enterprises of the state, and at the same time is 
the region best suited for agriculture * Prior to the limiting of foreign 
immigration by the United States government the natural increase 
of popiUation within this area was augmented not only by the mter- 
statt migration of farm population, but by the addition of the foreign- 
born as well • The suburban development here, as near New York 
City also, has its effect Although it started at a somewhat later 
date , it has already been responsible for much of the increase about 
the larger urban units 

The area of continued growth about the lake-port cities scarcely 
needs explanation Here is urbanization mainly dependent upon the 
demand for transportation and m some cases augmented by industrial 
development Like the cities of the Great L Valley these ports have 
also attracted their share of the farm population and of the immi- 
grated foreigners 

The areas of relative stability and partial declme occupy most of 
the remainder of the map Their general location seems to be between 
the areas of marked decline and those of contmued growth They 
appear to be areas of transition 

This completes the major distributions shown upon the map 

• Anderson, W A , Populaiton Trendt in A ew York State, 1900 to 1930 pp 6-7 

• Anderson, op cU,p ^ 

’ Pdge 16 of Uio cited in note 4 

• Anderson, op cU., p, 16 

» Anderaon, W A , Moi/meni of Popuiatton to and from New York State, 
P «iag 1 
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Then are numi rous small islands’' which do not seem to fit into the 
surrounding areas In some cosis thise differemos may be due, as 
has b( ( n suggest! d by Dodge to the fa< t that th* unit of th( town 
IS too large In other cases some obscure local different! , wliieh only 
field work could uncover, may be responsible Many of thest small 
local exceptions, howov! r, are due to the fact that no rigid categories, 
no matter how wisely conceived, can always fit the delicate gradations 
of reality 

IfNlVERBlTY OF MICHIGAN 

Op Clt , p 13'j 
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T he Miami Vall('y of Ohio has afforded for two racts tht principal 
corridor the Ohio Valhy and Lake Fru (Map 26) 

Smet the lat< iightfenth century thw valUy in southwestern Ohio 
has been o((Upud by whiU scttlenn nts, which, for rapidity of growth 
and dtnsity of distribution, have been exceeded by few areas m the 
old Northwest Territory An Indian agricultural and trading region, 
a frontier community whose agni ultural surplus early led to commerce 
and manufacturing, and an industrial region whose developnn nt has 
been characterized by variety and high manufacturing value - eath 
of these has in turn profited from the nvtr location, and to a marked 
degree they all have had their origin rooted m these facts of situation 
The present valUy is a highly industrialized region m whuh the 
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Map 26 Situation of th« Miami Valley O^atohed) with reepect to the principal 
routes throuch the Appalachian barrier followed by early Ohio settlers 
(after Fcuneman) 


fundamental location facta now find expression m the nature and 
extent of its manufacturing It derives additional significance from 
having become a strongly mdividualized region m the process of its 
utilization 


APPROPRIATIVE PERIOD 

Earliest of the known occupants of the Miami Valley were the 
so^alled Mound Builders, who took their name from the most obvious 
difference from their Indian successors Their earthworks are found 
in sufi^cient number and variety to warrant the conclusion that these 
people were resident m the Miami Valley through several generations 
of culture and that their economy was pnmanly agncultural * 

INDIAN 

As resident Indian country with m established agncultural 
economy, the Miami Valley seems also to have been an important 

^ MiUi, W C , ArohaeologteiU Atla$ of OMo (Columbus, 1914), Plate XI and 

text 
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corndor for the Miarms and the Tawichtawis who occupied the mid- 
dle and upp* r valley at the time of earheftt white penetration * 

The climax of Indian occupancy occurred during the relatively 
bnef penod of struggle with the westward-moving whites The 
number and the fc rocity of the engagements between the two races 
for the possession of the valley gave nse to its popular name "Miami 
Slaughter House ” This name testifies to the essential fact of its 
high appraisal by both races, as well as to the manner in which the 
change m culture was effected 

TAKDY WHITE APPROPRIATION 

During the first quarter of the eighteenth century fur traders from 
the I ranch post at Detroit and English traders from the seaboard 
colonies were initiating the profitable fur trade with the Indians of 
the Miami country In addition, the French regarded the valley as 
the nght-of-way to their colonies m Louisiana To the Bntish this 
valley was the iinncipal route from their tidewater colonies to the 
last stronghold of the French at Detroit Thus it became a matter 
of pohey for the two nations to preserve the valley for the exclusive 
use of the Indians they sought to make their allies The safeguarding 
of it became at once a source of strength and a major weakness m the 
policies of occupation and appropnation of the two peoples 

Even after the Ordinance of 1787 provided for the government 
of the Northwest Territory, the final stage m the appropriation and 
development of the region was delayed by the reluctance of the 
youthful hederal Government to supervise and police this first umt 
of the public domain * 

RIVER AND CANAL PFRIOD 

POPULATION 

Between the date of the valley^s first white settlement m 1788 
and the preparation of the first map by the state in 1810 settlement 

* Hulbert, A B , Red Afen*< jRooclff, Ohio Historical Society Publication 
(Columbus, 1900), pp 5-37, Mills, op cU, Plate IX, Filson, John, map of 
Kentucky, 1784, republished by the Loudermilk Company, Washington, 1908, 
Putnam, Rufus, map of Ohio, 1804, in A Journal of a Tour ttUo the Territory 
Northwest of the Allegheny MountainSf by T M Harris (Boston, 1805) 

* Goodwin, F P , ‘‘Growth of Ohio,” Unwerstiy of CinctnnaU Senes 

n, 4 51-53 1906, Thwaites, R , The Coloniee (New York, 1902). pp l5l, 166 
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LEGEND 

- STATE ROADS BY ACT OF LEGISLATURE 
1«!)I 1810 FROM 3 PER CENT FUND 


COUNTY TOWNSHIP AND OTHER MAIN ROADS 


Map 27 Towm and roads of the middle valley in 1 8 10 The northern Iwmidary 
(Greenvdle Treaty Line) abruptly halted all settlement Data are from a 
manuscript map in the Sir Henry Clinton Papers, Clementa ijbraiy, Ann 
Arbor, Michigan, and from the Ohw SlaU Survey of Troneportatxon (Colum- 
bus, Ohio, 1026) Scale 1 mch « 16 miles 
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had spread from th( Ohio Ri\tr northward to tin Grocnvilh Tnaty 
Line, ea'^t^^a^d from th( Miami to the dosid lands of tlu Virginia 
Military District, and westward to tht Indian territory just beyond 
Die state boundary Ihc estimated 70,000 people were found in three 
major lines of settlement, each following a pnneipal stream'* Ihc 
larger towns were along the Miami River, centering about Dayton 
and Hamilton Ihe Little Miami and the Mad River valleys were 
in effect one line of settlement, with hpnngfie Id as the major agglom 
eration Ihe third and least populous groui>mg was along the Mill- 
water, the principal western tributary of the Miami (Map 27) 

Such town and village names as Wilmington, Wayne sv die , Wash 
mgton Court House, Greenville, Jamestown, and Alexandria have 
their prototypes in the Old South, Trenton, Oe rmantown, C amde n, 
Springfield, Rochester, Tthaea, Utua, Gettysburg, Westchester, and 
Pemberton have theirs pnneipally m semtheahtc rn Pennsylvanu and 
west-central New Je rse y In ge ne ral, it may be said that the sout hern 
states made their chief e ontributioii during the earlier years of the 
Miami Valley, while the middle Atlantic states wen represented 
more heavily in late r years ^ 

e I He ULATION 

Although the Miami Rmr was noted on some early maps as 
navigable, it was used principally during periods of high water by 
flatboats and a few keel boats os far north as Dayteui Mneo there 
wan no local market for the valley's agneultural suiplus, flatboating 
to New Orleans was a vital necessity until the Miami and Dayton 
Canal was opened m 1829 Sueh commerce was imperative on 
account of the eurrent practice of Dayton merchants of accepting m 
payment for sales wheat, corn, jiork, and licpior, ‘if delivered in time 
for the next freshe t or any commodity “easily transported on horse - 
back, such as be e swax, liquor, and woollt n cloth ' * Goods, serv le es, 
and real estate wen sold in this mamui foi two decodes or more in 
the middle Miami \ alley, and for a longer penod m less accessiblt 

* Drake Dr Daniel A Natural and SUittHttcal Ktetcj of Ctnctnnatt and the 
Mtamt Country in 18 Iff (Ivooker and Wallace Company Cincinnati, 1815), p 160 

* Bond B W Jr The Correepondente of John (hvee Symme» (MacmUlan 
Company, New York, 1926), pp 42 282 287, Morrow, Joslah, historian 
l^banon, Ohio, letter dated January 26, 1928 

* Steele, R W Tariy Dayton (Dayton 1916) pp 103-106, Howe Hertrv 
HvstonceU CoUeeixons of Ohio (Columbus, 1886), pp 277-278 
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parts of the state Even dunng the winter months Dayton^s water 
front and forwarding warehouses were busy with stonng and loading 
nonperishable commodities, in which wheat was increasingly impor- 
tant ^ 

Mihtary appraisal of the trails of tins region and their subsequent 
use by the military constitute the pioneer stage of Miami Valley 
roads, and the close of the War of 1812 may be said to have marked 
the end of the first period of road building * 

Pnor to 1787 the expeditions against the Indians were largely 
pumtive m nature, but after the passage of the Ordinance of the 
Northwest Territory detachments of the United States regular army 
developed, over a period of tlurty-five years, a road system which 
served throughout the year, not only for the campaigns but also for 
the stnigghng settlements of the Miami Country 

The character of the«ic roads changed with the demand of the 
times, narrow trails unfit for wheeled vehicles but used by long-lme 
teams of a dozen horses or more, the freight wagon, and its com- 
panion, the stageeoath, ushered m the first Jederal aid m road 
buildmg 

MIAMI VALLEY INDUSTRIES 

The entire middle Valley was doscnbi d in 1816 as having ** invited 
that hardy and numerous body of free-holders that inhabit it to select 
themselves moderate and nearly equalized farms and to dot and 
intersperse them over its surface In regard to the smallness of the 
farms, the number and quality of them, the compactness of the 
population, — not confined, as is the case farther west, to the water- 
courses, — but diffused over the whole region, it compares very 
accuratdy with its extern parent At present the regions on Mad 
River and the middle Miami Valley are the most beauteous and 
populous m the State It is the only ^Yankee State' west of the 
mountams ” • 

Dunng the penod of appropnation obstacles were met in cleanng 

^ Drake, op cil , pp 06-55, Liberty HaU, Cmoinnati, issue of August 4, 1806 

* Melish, John, Travels through the Umted States tn 1806^ 7, 9^ 10, 11 

(published m Ireland), pp 27-90, Gephart, W F, ** Transportation and In- 
dustrial Development in the Middle West,” Studies in History, Econcmics and 
Public Law (Columbia University, 1909), 84 19-60 

* Flint Timothy, ReeoUeciums of the Past Ten Years, a Senes of Letters to 
Rev Jos Fhnt, of Salem, Mass (Cumnungs, Hillard and Company, Boston, 
1826), pp 44-54 
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the splendid hardwood forest, disposing of the agricultural surplus, 
and finding an outlet for the perishable prodints The solution of 
these problems gave rise to industries, some of whuh wtr< transient 
in nature, but many of w hich ha\ e persisted Low pru ( s pn v ailmg 
locally for farm products led to the driving of stock cattle , bullocks, 
and swine from the com and grasslands of the Miami Valley to 
Atlantic seaboard markets 'these droves, numbering from a thou- 
sand to fiftetri hundred head, usually followed the old Cumberland 
Road eastward from Springfield to Baltimore In the early 18M)’s 
the accelerated packing m Cincinnati put an end to droving 

Variety maikf d the exfiorts and imports as cliangts in the domestic 
economy took plact, in keeping with the advancing occupation of 
the region In 1799 there were reported in Dayton a distilKry, a 
sawmill, a hme plant, and a corn cracker, by 1804 a grist mill was m 
operation, in 1808 a nail factory was using charcoal brought by 
water from the Hanging Rock iron furnaces of soiitlu astern Ohio 
In 1824 a cotton mill was put into operation, with fiber brought by 
water from the South In 1828, the year before the Miami and 
Dayton Canal was opened, the first iron foundry was established 
there In that year Dayton’s mdustnes were listed as three tan- 
yards, three saddler shops, one flour null with three “run” of stone, 
a fulbng mill, one set of carding machines, a cotton mill, two distil- 
lenes, a coppersmith shop, a tm shop, a carriage shop, three wagon- 
makers’ establishments, four blacksmith shops, two printing shops, 
and one wholesale warehouse, as well as taverns, groceries, and dry- 
goods stores ” 

Elsewhere m the Miami Valley industnal development was 
consonant with that of Dayton Tlie Census of 1820 shows that 
shghtly more than lialf of the 2,000,000 barrels of flour milled m 
Ohio were the product of Miami Valley mills Exportmg mills were 
along the Miami and Mad rivers only, but there were scores of small 
nulls along the minor streams of the valley 

FACTORS HINDERING MANUFACTURING 

Despite the necessity of satisfying the local market and the de- 
mands of the southern states for many staples, manufacturing m 

“ King, I J ' Coming and Going of Ohio Droving,’ Ohio Histoncal Soetti^ 
PvbheaUon, 17 240-260, Ohio Agricultural JSxpenmeni Siolion, BuUehn Seo 
(1918), pp 240-243, Ciat, C , Cinctnnatt »n I85t (Cincinnati, 1852), pp 278-288 
“ liom a letter quoted by Steele, op ctI , pp 149-160 
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the valley dunng the nver ])enod was retarded by lack of capital 
and labor An abundantt of fertile land could be had for approxi- 
mately a dollar an a( re The jwpulation of the region grew slowly 
for the first fifteen years of oceupanoe, and even later the towns 
decreased in siae with the advent of early summer, while new 
farms were laid out in the unoccupied part of the valley De- 
spite the very low prices for farm products the attraction of the 
Miami Valley farm was greater than that of the inanufactunng 
plant 

Few of the people were skilled in manufacturing, simple though 
the fabncation was About them there was no coal, iron, or other 
industnal mineral Transportation was by water, and the nvers were 
seasonal in service 1 he outlet was toward the south only, and such 
manufactured goods as the South demanded were imported from 
FjurofM and paid for with raw cotton Fvtn among an increasing 
rural population purchasing power developed slowly because of the 
low pnees reci ived for domestic goods and the high prices for im- 
ports 

FACTORS FAVORING MANUFACTURING 

The outstanding diffcnnce between the factors which retarded 
and those which encouraged manufacturing m the valley was that 
the former, as a class, tended to be temporary m nature, whereas 
many of the latter have steadily appreciated m importance 

The agricultural surplus needed only the inevitable increased 
market and improved transportation to become the pnncipal de- 
mand factor for the development of manufactunng The market 
increasc^d dunng the years after 1816 and, with the opening of the 
canal m 1829, the transportation factor was somewhat less a handi- 
cap to industnal growth Dunng the nver penod the most wide- 
spread phase of manufactunng was distilling Every village had a 
commercial distillery, and nearly every farm had its own small still 
To the valley farmer of that day the still was almost as important 
as the gram elevator is now Com, rye, barley, and some apples, 
chemes, poaches, plums, bemes, and pears were thus barreled for 
local consumption and shipment to the south Liquor suffered the 
mmimum depreciation as a medium of exchange 

“ Bond, op at , pp ia6~l$0, Drake, op ctl , pp 38-50 
“ Howe, op at ,2 276-278 
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OPENING OP THE CANAL 

The opening of the Miami and Dayton C anal m 1829 and the 
ultimate txtenfiioriH to make it the Miami and Fnc Canal, resulted 
m one major change in the cultural landscape the canal counties 
and their \ alley titles exjienenced an at(< leration in growth greater 
than that of other counties ui the Miami basin It followed an 
estabhshed trade route, and no new agglomerations rose to mark 
its influence In 1850 the thirty-seven canal counties in Ohio ex- 
ceeded in assessed property valuation the fifty-one none anal countits 
by more than 188,000,000 Six of these canal counties were in the 
Miami VaUey Of the twenty-two largest (ities in the state fourteen 
were on the canals, four on the Lake, and four on the Ohio River 
In addition to the growth of the largest cities the (anal brought 
such fundamental changes in the local economy as to cause smaller 
places to share in the acceleration of settlement Middletown, 
Franklin, Miamisburg, West Carrollton, Troy, Piqua, and Sidney 
became miportant forwarding centers, drawing uiKin the country- 
side for exportable raw materials and catering to the market of their 
respective trading centers for manufactured and imported goods 
The peak of canal tolls and of the canal’s influence was m 1851, 
but, though little was done to stimulate shipments, the Miami and 
Ene clung to activity most tenaciously of all Ohio canals In 1897 
its receipts were almost as great as in 1843, and even greater than 
dunng the early years of the railroad, 1880-80 

The economy of the middle valley farms may lx appraised from 
their commerc( as noted in the Annual Reports of the Board of Pu5- 
hc Works for 185tS^ page 24 


TABLE I 

CoMMSKCE OP Cincinnati in 1850 and 1851 


... ... *.J ^ . . 

I Tonnage 1850 ] 

1 Tonnage 1861 

Commodity 









Arrived 

Cleared 

Arrived 

Cleared 

Flour and wheat 

14,273 

551 

27,840 

181 

Com 

17,832 


7,560 


Pork, bac^n, and lard 

Iron 

7,782 

3,303 

4,282 

4,41S 

498 

3,001 

3,590 

4,415 

Merchandise 

3,422 

2.727 1 

2.791 

3,161 

Paper 

449 

29 i 

815 


Cotton and yam 

no 

274 : 

80 
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RAILROAD PERIOD 

Though m general the first railroads seem to have been built 
with the idea of reaching the parts of the country not served by 
the nvers and canals, those in the Miami Valley were exceptions 
They found the route of the Miami and Ene Canal a region of cities 
and towns with established markets, competition between canal and 
railroad first began here, so far as the trans- Appalachian west is 
concerned In 1848 the valley cities were served by three hnes, oon- 
nectmg with Toledo m the north, Cleveland m the northeast, and 
Marietta m the southeast 

The effect of railroads upon the population pattern of the middle 
Miami Valley was manifested, generally, in three ways (1) A 
small agglomeration might grow about the depot, embracmg the 
stock-loading pens, gram elevator, sawimll and lumber yard, ware- 
houses for wool and tobacco, and perhaps a canning plant for com 
or other vegetables This group functioned integrally, with its vil- 
lage situated at a distance of from one-half to two miles from the 
railroad In certain instances the mterveniug gap was built up, and 
the two uiuts became physically and economically one (2) Another 
manifestation was the development of a village nucleus about the 
depot, which seldom numbered more than half a dozen structures, 
yet which existed independently of any other village or town (3) 
The most important result of rail transportation was instanced in 
all the major agglomerations of the middle valley They were di- 
vorced from their nver and canal attachment to become, mstead, 
dependent upon the railroad (Maps 28-30) 

The pattern and character of the railroads may be observed m 
the focusing of mtcrregional north-south and east-west hues upon 
the middle valley (Map 28) Despite the low relief of the region 
railroads tend to follow the maior valleys in serving southwestern 
Ohio, a fact occasioned by the stnotly npanan location of cities 
antedating both canal and rail transportation 

Nomenclature of the lines servmg the valley is indicative of their 
special relationship to focal pomts m the ndlroad network of the 
Ohio Valley and more remote regions Of these the Pittsburgh, Cin- 
oinnati, Chicago, and St Louis l^ilroad marks the great trade track 

** F%rH Annual Heport, Ohio Cammmion pf RaUroadi and Teltgraph, 1867 
(cover insert map) 
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Ma? 38 CorreUtion of the Miami Valley railroad# with the Coneervancr 
Dletriot Work# For oianty the boation of railroade m oongeeted diatriota 
has been approximated Data are from OA»o RixUroada (publtabed by the 
State, 1825), and Butteftn o/ tA« Afiami Cenaemmey Doyton (1918) 
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comprehending these commercial nuclei The St Louis and Indian- 
apolis divisions of this road are direct rail connections with south- 
eastern Pennsylvania and the port of Philadelphia The Baltimore 
and Ohio Railroad marks the oldest direct route to the Atlantic 
seaboard Together, these two lines indicate the focusing effect of 
the Appalachian barner upon commerce The Cleveland, Cincin- 



nati, Chicago, and St Louis Railroad, or the Big Four, likewise 
reflects this force The Erie Railroad completes the regional network 
of through Imes 

An mtraregional line is the Cincmnati, Lebanon, and Northern, 
which servea the lower and middle valley, with a nght-of-way whose 
pnncipal advantage is its elevation above flood waters 

The paucity of fragmentary lines constructed m the Miami Valley 
IS indicative of the economy of the regipn as well as of its spatial 
relation with the rail net of the Ohio Vidley Of the factors which 
might give nse to such roads quarrying and the transfer of molten 
iron from Hamilton to Middletown are the only eitamples m the 
middle valley 
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CHANQE0 IN BAILROAD PATTERN 

Changes m these railroads have been few and have affected the 
population but shghtly As in other parts of the midwest, most 
electnc lines have been tom up since the World War There is but 
one left m this region , it connects the Ohio River with Lake Erie by 
way of Cincinnati, Dayton, and Springfield 

Probably the most Bigmficant change in the rail het has been that 
associated with the flood-control program of the Miami Valley, com- 
pleted in 1918 It embraced relocation of railroads, widened stream 
channels, fewer confining bndges, and substitution of a different 
type of npanan occupancy for the congested and encroaching type of 
an earher day (Map 28) In a sense these npanan changes in land 
use may be regarded as a measure of the dechning importance of 
npanan mdustnal sites 

INDUSTRIAL STRUCTURE 

Increments of growth are still due to the forces governmg the 
early growth of the valley uprootmg forces emanating pnncipally 
from Cincinnati and Dayton, attractive forces where the valley has 
been crossed by, or has absorbed, major east'-west trade routes, and, 
finally, the intensified agncultural use of the area (Map 31) Thus 
with respect to population pattern the Miami Valley has undergone 
no essential modification (Map 32) 

The mdustnal selection which has prevailed smee the opening of 
the canal in 1829 has resulted in a minimum of dispersal of manu- 
faotunng, and that is practically confined to the nver plain 

Not so persistent, however, has been the essential structure of 
the vailey^s mdustiies, although, m general, they developed from 
those of a century before food products, machine-shop and foundry 
products, woollen textiles, and paper 

More detailed examination reveals oertam qualities of manu- 
facturing not to be associated with the formative stage of the m- 
dustnal structure Specialisation withm the machinery field has 
emphasised environmental differences quite as defimtely as a change 
m the class of products Functional change is manifested by the 
moreasingiy high value added by the manufactunng process 

** 8«e t%omi) 0 oii, Traoy E , M^UnaU Uttd in Manufadturu (Bureau of the 
Census, Washington, 1920), p U 
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The fact that without minerals and power the valley has been able 
to utilise the changing sources of raw matenals and of markets is in 
itself a commentary upon its situation As concomitants there have 
been the mdustnd forces, wholly apart from raw matenals, which 
have developed within the region 

In the analysis of mdustnal forces operating areally Weber sought 
to ** agglomerate*' and “degloraerate” industnes withm their general 
regional distnbution Subsequently Colby refined the concept of 
these forces m the examination of the geographic attachment of 
lesser to major imits m a given region The application of this dis- 
ciplme in an apprmsal of this region's mdustnal structure is followed, 
despite the decentralized nature of its manufactunng areas 

UPROOtINO PORCBS IN PBRIPHIRY 

Centrifugal or uprooting forces have been obvious m the scores 
of small towns and villages which charactenze this densely settled 
till plam Their industries were seldom of more than local impor- 
tance, but in view of their mdustnal transformation consideration of 
a typical one is given 

Waynesville, a small town of 700, exemplifies the results of more 
than a century of industrial selection through which these towns have 
passed as penpheral to the major urban agglomerations (Map 27) 
Dunng the pioneer penod this village was pnmanly engaged m pro- 
cessing the ubiquitous raw materials for the satisfaction of the loeal 
market lumber, flour, leather, and whiskey 

The middle of the nineteenth century witnessed the expansion of 
the village away from the nver Changing values assignable to 
environmental factors were faithfully reflected in the changed con- 
figuration of the village on its site, as well as in the extent and the 
variety of its manufactunng 

With the construction of highways and the use of steam power the 
expansion of the village was on the upland Its main street became 
a part of a pnncipal artery between Cleveland and Cmcmnati , its 
major cross street was the southernmost highway between the Miami 

^ Artman, C K , IndiuttruU Stntciure of Nevt Snglai%d (Dept of Commerce, 
WashlogtoD, 1930), p 160, Weber, Alfred, Thmy if ih$ hoeaU<m of Indtainu 
(Chicago, 1929), Chapter 5 

&»lby, C C , '' Centrifugal and Centripi^ Forces in (7rban Geography, 
Ann Aitn Am Oiog , 28 1*^ 1933 
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Valley and the Virginia Military Distnct The first railroad in Ohio, 
now part of the Pennsylvania Lines, foIlo\^od the Little Miami River 
valley northward to Columbus and Lake Fnc Where this railroad 
crossed the east-west highway was formed the nucleus for Waynos- 
ville station, embracing the deixit, stock-loading pens, gram elevator, 
sawmill, lumber yard, canning plant, and the warehouses for wwil 
and tobacco — an agglomeration functioning integrally with the 
village but removed from it by the flood plain of the nver This 
period was characterized by fairly rapid growth of the villagt and the 
changed economic horizons resulting from the railroad and improved 
highway transportation 

The third stage of occupancy is characterized by the iconomic 
results of accessibility to other parts of the Miami Valhy This is 
reflected in the (.losing of the mills, virtual cessation of loc^l service by 
the railroad, and, finally, the crystallization of the economic life of 
the WaynesviUe region into its present stage of commutation 

A new system of highways came into being, made necessary by 
the changed and vastly increased commerce within the com belt 
(Map 31) The greatest effect, naturally, would be noted not m the 
unmediate marketing of farm products, but rather m regional com- 
mere e adapting itself to the new and rapidly growing manufacturing 
cities of the Miami Valley When the automobile had demonstrated 
its 8U|Hnonty in handling certam types of traffic and the railroads 
had accordingly altered their service program, WaynesviUe found 
itself without the rail service to which it had become accustomed and 
upon which on element of its economy was dependent Whereas 60 
per cent of the farm mcome of Warren County (WaynesviUe) is from 
livestock, divided almost equally between swme and cattle, the 
stock-loadmg pens are no longer used ** 

Although a constant part of the farm mcome is from tobacco, 
19 per cent, the warehouse is not used Wheat still constitutes some 
12 per cent of farm income, but the two flour mills are closed and the 
elevator handles only a part of the local crop Receipts from dairy 
cattle are greater, yet the milk car is no longer a daily part of the 
morning tram Only one tram each way stops at WaynesviUe, but 
the number of trains passing through is as great as ever The agent’s 
tune 18 now divided between two depots withm commuting distance 

” Data from individual Farm Schedule (Bureau of the Oeneua, Department 
of Commerce, Washington, 1928) 
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Only the coal yard, the oom-canmng plant, the lumber yard, which 
distributee but does not manufacture, and the elevator remain m 
operation at Waynesville station 

In the village itself the creamery is closed , trucks swiftly gather 
up the separated cream for the larger creameries of Dayton and Cin- 
cinnati The two flour mills have closed Ihe elettnc hght and 
pumpmg station is now a unit in a large utilities concern which 
supplies two score of towns m the valley Two of the three slaughter- 
houses are closed, dealers truck their supplies from Dayton and 
Cincinnati Wool and tobacco are bought up by buyers from distant 
warehouses 

With these possibilities for employment closed the number of 
wage earners commuting to Dayton, Middletown, and Hamilton 
has steadily increased On a twenty-mile drive one may see factories 
in which many types of labor are employed Outstanding among 
them are the General Motors and the National Cash Register plants 
at Dayton, the Niles Tool Works at Hamilton, the American Rolling 
Mill plants at Middletown and Hamilton, the rag-paper mills scat- 
tered from Hamilton to Dayton, and the tobacco factories of Middle- 
town and Dayton There is represented here a wide variety of wage 
jobs, with the manufacture of precision machinery predominating 
An examination of commutation reveals a definite type of wage 
earner engaging in it, a type of worker which the great tool plants 
and manufacturers of automatic and calculating machmery hold at 
a premium There is, then, the coincidence of this demand being 
satisfied by the workers from a valley m which the small proportion 
of foreign-bom are supenor types from northwest Europe, and the 
slowly declimng farming population has been absorbed m the ranks 
of factory workers 

Like many other towns m the valley, Waynesville has a diminish- 
ing proportion of retired farmers among its citisenry, yet its popula- 
tion IS slowly but steadily increasing Tho Census of 1930 shows 
that, during the decade immediately preceding, these middle valley 
counties grew more rapidly m population than did the state as a 
whole — 17 per cent as against 15 per cent A more definite con- 
ception of the nature of this increase on the part of Warren County 
may be gained by notmg the increase in the number of families over 
a like penod, m this particular Warren County gamed more than 
any other county in the valley 
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Through commuting Waynesville and scores of villages and towns 
are crystalhzing their economic activities into a mature stage of 
economic regionalism in which local industrial relicts stand as mute 
evidence of former areal limitations imposed upon them The 
sequent occupancy of this village is complete with the stage which 
witnesses its integration with the economic life of larger centers whose 
major activities are geared to the remote as well as to the immediate 
environment 


OTHER UPBOOTINO FORCES 

Prominent among the centrifugal forces operating withm the 
larger groups compnsmg the industnal organism of the middle valley 
IS the spatial force hor example, a large manufacturer of safes and 
vaults moved from Cincinnati to Hamilton because vertical expan- 
sion was impossible and honzontal expansion was prohibited by the 
land values of a large city, American Rolling Mills hkewise illustrates 
this force in operation m the same region Other industnes are 
King Powder Company and Peters Cartridge Company, whose de- 
centrahzod manufactunng operations were quite mconsistent with 
an urban location • 

Uprooting forces are to be observed as a result of the program 
initiated and developed by the Miami Conservancy District The 
widened channel precluded continuance of many ripanan industnal 
sites m each nver city where their encroachment had jeopardized 
life and property, either directly or as an obstacle to complete ripanan 
control by the commission The removal of railroad tracks in turn 
affected the location of manufactunng plants The razing of many 
low-grade bulldmgs, the parking of much of the nver bank, the 
creation of impounded areas, and the construction of new and larger 
bndges combined to bnng about new uses for this land In Dayton, 
especially, civic buddings and fraternal and public assembly halls 
exemplify the new type of npanan land use 

CEKTBIPBTAIi FORCES 

Whereas the smaller towns of the penphery reflect an obvious 
matunng of economic regionalism m the form of local industrial 
relicts, forces of attraction have also been operative, especially in the 
larger agglomerations 

Locally the force of functional convemence is manifested in the 
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agncultural attachments of Miami Valley manufactunng Flour 
milling IS the most widespread phase of this attachment, although 
wheat normally accounts for but 12 or 16 per cent of the farm in- 
come of these counties 

Most flour nulls of the middle valley date from the early railroad 
penod Although few of them now employ water for po^er purposes 
exclusively, many use it as supplementary power Their wheat has 
been locally grown, and the flour and feed have been locally consumed 
This industry is unique in that so many small units of production 
have survived the long penod of industnal selection Uprooting 
forces have been operative, however, among them have been the 
dechne in home bakmg and the increase m commercial baking, thus 
each mill caters pnncipally to local consumers Improved roads and 
the automobile have made the farmer less dependent upon the nearest 
elevator Another uprooting force has been the failure of younger 
men to take up the work of the older school of millers as they give 
up active work The partial failure of local wheat crops m 1926, 
1927, and 1928 served to eliminate some marginal mills As machine 
replacement became necessary, many of these mills closed or turned 
to other work 

Thus have the local attachments for flour milling weakened, it has 
been estimated that a fourth of all mills have closed since the V7ar 

One of the most highly localised of valley industries is the man- 
ufacture of tobacco, pnncipally at Middletown and Dayton Its 
imtiation as a local industry was portly in response to the locahzation 
of the state's leaf production m the western and southern tiers of 
valley counties Despite the fact that the chewing and smokmg to- 
baccos are largely made of blended tobaccos, early start and cheap 
labor have combmed to retain the industry The canmng of sweet 
com, peas, and ^matoes is an important phase of the agncultural 
industry Sweet com, grown under contract, is especially fitted to 
occupy a place in the crop system of those coimties that suffer from 
yearly inundation by the streams of the Miami basin Most of these 
local cannenes offer part-time employment to older men and women 
from the farms and villages, their season is short, three to four weeks 
m late summer, for m spite of the favorable ramfall rdgime high tem- 
peratures usually militate against a prolonged canning period 

EasterHag, T £ , uapubhsbed disiertatlCQ on Ohio flour milling^ Ohio 
State Unfveratty, 1990 
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The com-wheat-hvestock phase of the valley^s farm economy was 
not the only one of importance Between 1840 and 1870 Ohio led 
the nation in wool production, but today there i*^ no more than in 
1840, the decrease is well over 50 per cent " 

Paralleling this decline in wool production is a senes of tf i hnical 
changes which conditioned its manufacture Pnor to 1880 woollen 
fabrics of the finest quality were made from yarns spun from the 
short fibers of the best local fleeces Although in 1890 there were 
sixty-four mills in the state produemg a vancty of products, in 1930 
there were but twenty of them remaimng m operation ** 

Typical of the numerous small woollen mills found m the Valley 
was the one at Spnngboro, which closed m 1894 after a run of more 
than three quarters of a century It employed nine men, within a 
radius of twenty miles it sold blankets, flannel, stocking yarn, cassi- 
mere cloth, and satinctte or cloth with a cotton chain 

Although the new fabnes called for a mixture of cotton and wool, 
or all cotton, the equipment of these early mills would not jicrmit 
the change By 1900 all woollen mills m the Miami Valley had closed, 
except those at Hamilton, Dayton, and Piqua 

The manufacture of cordage and twine at Xenia and Miamisburg 
utihsed local hemp in making cordage for this densely populated 
agricultural rigion Despite the gradual change to tropical fibers 
imported from Mexico and the Phihppines these ropewalks have 
found that the local agricultural market, supplemented by manufac- 
turing and wholesaling industries, compensates for the uprooting force 

Regional Functional Convenience 

Regional functional convenience is expressed by the establishment 
of branch manufactunng assembly plants by such national concerns 
as Ford and General Motors at Hamilton and Dayton, International 
Harvester at Spnngfield, Niles, Bement, Pond machine tools at 
Hamilton, Procter and Gamble soap at Dayton, Loose-Wiles baked 
goods at Dayton, P LonlJard tobacco at Middletown, Coca Cola at 
Dayton, Montgomery Ward and Sears Roebuck at Dayton, Standard 
Biwds and General Baking at Dayton — to sele( t but a few In- 

^ Ohio AgncuUural BxpenmetU Siatton, Bulletin See, p 107 
** C D Dounts, Bartham Company, wool merohanta, Columbmi, Ohio, 
May 1, 1930 

» IhrectOTy Textile Indutines (Bragdon, Lord, Nagel, New York), 1929 
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creasing freight rates have tended to promote this form of decentrah-^ 
sation m manufacture and distribution But perhaps the greatest 
local manifestation of an attractive force is found within the ma- 
chinery industry, dominant among valley manufactures 

This attractive force m the mdustnal organism of the middle 
valley may be known as functional magnetism It la axiomatic that 
machme-uaing regions tejid to become machine-making regions The 
machine shop is the market for the machine tool, and the shop will 
be located where machinery is to bo replaced or repaired The Miami 
Valley has from the first been a thriving market for agricultural 
machinery, catering to the newly developing markets to the north 
and west The satisfaction of this market has been largely responsible 
for the attraction of skilled mechanics, and, in turn, of new concerns 
dependent upon skilled mechanics 

Two possibilities here develop first, inventions will be forth- 
coming from local mechanics and, seepnd, subsidiary and allied 
industries will be attracted Instances of both are known here Four 
makes of automobiles have been manufactured, but have been ebmi- 
nated m the selective development of this industry Immediately 
after Dayton gave the world the airplane, its manufacture and that 
of parts and accessories fiounshed in and near it Only one airplane 
continues m production No matter what selection may have 
occurred, the machinery industry has nsen m importance Evidence 
of this IS to be noted in these facts of the industry when compared 
with the average for other manufactunng plants 

1 There are four tunes as many men per plant 

2 More than four times as much value is added by the manufaotunng 
process. 

3 Nearly four times as much capital per plant is represented 

4 Twenty-three per cent of all tool shops are m the largest" class with an 
output of $600,000 or more, as against only seven per cent for the average manu- 
faotur^' 

“Thus the average machme-tool manufacturer took $1,1U m ma- 
tenals and fuel per wage earner and added 12,887 or 260 per cent of 
utility to it, an contrast to a 07 per cent increase m utility by the 
average manufacturer *■ The Valley^s dwmnant industry is develop- 
ing along lines decidedly 'attractive' as a force m regional growth " 

** E F DuBml, executive eecreiary of the Machine Tool Bultdere Assoeia- 
tion, Cbioinnati, Ohio, June IS, lOSO 
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Interregxoyuil Functional Convenience 

Interregional functional convenience la represented in this indus^ 
trial organism by the pubhshing houses of Crowell at Springfield and 
McCall at Dayton, which together turn out more than a million and 
a quarter of periodicals annually Postal rates have been so soned as 
to make decentralization or particularly favorable situations impera^ 
tivo for these and other periodicals with a national circulation Other 
pnnting and publishing houses of lesser magnitude in Dayton likewise 
emphasize interregional convenience 

The manufacture of both rag and wood-pulp paper is predicated 
upon accessibility With the growth of the trans-Appalachian 
country paper making became an industry m many places For a 
generation after 1800 the Miami Valley, as the largest and most 
rapidly growmg settlement m the Northwest Territory, witnessed 
the development of the greatest paper industry west of the Appa- 
lachians 

The canal penod began the industnal selection which was to give 
indmduahty to local paper Paper mills at Hamilton, Middletown, 
Franklin, Mianusburg, West Carrollton, and t)ayton depended upon 
the canal for processmg and power uses Transportation was not a 
prime consideration, m view of the local character of the market and 
the scale of the mduatry as determined by scarcity of cotton and 
linen rags The canal system made the Miami Valley so much more 
attractive for settlement that these paper mills were pnmanly con- 
cerned with keeping pace with the demand for paper 

Even before the close of the canal period these paper mills were 
drawing upon the vast reserve of underground waters for processmg 
and for boiler uses It was not subject to the varying volume and 
silted condition of nver water As a source of power, too, the canal 
was giving way to imported coal from southeastern Ohio and West 
Virguua Yet the Miami River and canal, as localizing factors in 
the urban development of southwestern Ohio, continued to foster 
the manufacture of paper m spite of increasing competition with 
eastern producers and the mitiatm of other paper centers in the 
Lake states “ The trade is essentially less-than-carload in character, 
with national distribution, this is especially true of rag paper an4 of 

** I J HaUowell, exeoutiv# seereUry of the Miami Paper Shippers Aasocia- 
Uon, Middletown, July 2, 1980 
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paper specialties, both of which are important phases of the local 
mdustry Improvement upon the present location would be diffi- 
cult “ 

Parchment paper is sold to the dairying districts of New York, 
Wisconsin, Minnesota and Ilhnois, paper or artificial slate roofing 
IS marketed through one of the two largest mail-order houses m the 
country, blotting papers are disposed of through many different 
sources, chiefly through advertising and supply houses, fine rag, 
ledger, and bond papers are sold everywhere United States ** pen- 
alty'’ envelopes are handled through governmental channels, the 
largest eoated-paper mill in the valley supplies stock to hthograph- 
ing and publishing houses throughout the United States 

On the other hand, phases of the paper market are distinctly 
local, as, for instance, a manufacturer of playing cards m Cincinnati 
contracts for the entire output of one paper mill, a local manufac- 
turer of explosives and ammunition takes the entire output of one 
null K|>eciahzmg in ordnance paper products 

Interregional functional convenience is perhaps better illustrated 
in the instance of industrial raw materials In paper manufacturmg, 
widely dispersed as is its market, the raw matenals are more widely 
dispersed, white china clay used in coating paper comes from Eng- 
land and the Carolmas , the casein for adhesive comes from Argentina 
pnncipally, with small amounts from France, New Zealand, and the 
United States, asphalt employed in roofing paper comes from Mexico 
and Tnmdad, ground slate is from eastern Pennsylvama, sand from 
Illinois and Ohio, most of the cotton rags are from Amencan cotton 
mills, although some are shipped from Japan low-grade cotton and 
linen rags are received m bales from nearly all the larger cities of the 
United States, pulp wood comes from southern Oluo, the Osarks, 
the Qulf States, and Canada, rosm is jtrom Michigan and Ohio saw- 
mills, chemicals are from many parts of this county, as are old papers 
and magazines for stock The extent to which paper manufacturing 
IS dependent upon transportation is well illustrated by the diversity 
and range of its raw materials, coupled with the relatively umm- 
portant item of labor 

Manufacturers of pulp from rags followed the successful paper- 

^ KK Hunt, Champion Coated Paper Company, Hamilton, August 22, 
1939, West Carrollton Psrehmeat Company, August 81, 1939, Q^ge Mead, 
Mead Paper and Pulp Company, Dayton, August 81, 1929 
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makers in the middle valley, three of them are left m competition 
Manufacturers of papermakmg maclnnery have managed to capi- 
talize upon the functional magnetism which was a potent factor m 
their initiation Of this group there are two large and five smaller 
concerns now in operation 


Human Factor 

The human factor serves as a centripetal force in this industrial 
organism The manufacture of paper calls for the use of a very long 
woollen blanket or "felt" with hand-woven seams Warp threads 
must be strong and woof threads must be thick and absorbent Only 
wool fiber is satisfactory, since the wet cellulose does not cling to 
wool 

Some seventy years ago a woollen mill in the Miami Valley dis- 
covered a way of making these heavy woollen blankets so that their 
normal hfe was more than trebled The result was a speciahzation 
in certain of the woollen mills and advance m the manufacture of 
paper, both of which were of incalculable importance to the longevity 
of valley paper and woollen mills in the face of competition with 
other centers 

To the manufacture of machmery, the valley^s most important in- 
dustry, the labor supply is a vital factor A certain labor turnover 
in these machine-making mdustnes is to be expected, but the neigh- 
boring automobile fac tones of Toledo and Detroit attract these men 
by somewhat st( adicr employment Surrounded by the nch farm- 
ing region, citits and towns enjoy cxtraprofessional activities and 
savings uhich constitute psychic income, this advantage w invari- 
ably given by the wage earner questioned Labor drawn from the 
adjacent counties is preponderately native-born white and is notably 
free from labor troubles lor the lowest grade of work labor comes 
from the hilly counties of northeastern Kentucky 

The turbine was invented and is manufactured in Springfield 
Electncal refngcration was the invention of a resident of the middle 
valley The airplane was the product of Dayton residents, although 

* Paul BenniQghofau, Miami Woolon MUla Company, Hamilton, Ohio, 
May 3, 1029, T B Jones, Harding-Jonee Paper Co , Exoello, May 3, 1929 
DuBrul, June 18, 1930 (see note 23) 

“ J W Quigley, rioo-preeident of the Logan-Long Paper Company, Franklin, 
Ohm, Atigust 2, 1929, G M Verity, Pretident ol American Homog MUl Com- 
pany, Middletown, August 2, 1929 
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its maniifacture has had a lingering denuse locally The cash register 
and the ignition system which formed the basis for the employment 
of ten thousand men in these two mdustnes today were invented 
and developed by Miami Valley mechanics 

Of perhaps greater importance is the fact that these industries 
have been training hundreds and thousands of workers who become 
available for other industnes that require such skilled labor 

While the land surface and the crops of the Miami Valley mvited 
the use of labor«>saving machinery for farm work, the nature of the 
people constituted an important factor m industnal location in this 
region of good farms and good farmers 

The invention of the reaper, binder, and cultivator took place 
after canals had been built Although none of these was a local 
mvenfcion, their use here was early and extensive The valley has 
always presented a vigorous market for farm implements, the satis- 
faction of which was largely responsible for the manufacture of im- 
proved agricultural machines 

Inventions have been noted previously as centnpetal forces, but 
the presence of unemployed farm labor due to seasonal farm work 
or mechanisation of farm work has a dispersal effect upon manufac- 
tunng For example, the manufacture of shoes is earned on in 
branch factones in several towns and small cities served by a rail- 
road and offenng cheap labor The transfer of skill to a machine 
has enabled this industry to resfiond to the decentraUsation of its 
market and its labor supply^ largely unskilled 

Tobacco factones further exemplify this symbiotic relationship 
The type of labor is much the same Further examples of this de- 
centralisation of labor, predicated upon the part-time aspects of 
fanning and the symbiotic relations with industry, are noted m 
the canmng of sweet com, vegetables, and fruits 

CONCLUSION 

Lying athwart the prevailing path of settlement and commerce, 
this valley has oontmued to develop along the onginal settlement 

* Testimony by preadents of the following oonoems Buffalo-Springfield 
Roller Oo, gprtni^eld, July 21, 1929, Ameii^ EoUiog MIU, Middletown, 
J^uly 38, 1939, Bleck^^wecm Papw MlU Machinery Co , Hamilton, July 33, 
1939, and Niles Tool Works, HamUton, July 35, 1939 
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pattern The fertile soil and the gently rolling surface have invited 
an agnoultural occupation which even dunng the penod of appro- 
pnation was diffused over the entire middle valley Only the agri- 
cultural attachments of manufacturing were fostered It took the 
canal penod, with its accelerated growth in population and increased 
accessibihty, to initiate the mdustnal forces which have, dunng the 
process of its utilization, resulted in a strongly individualised regfion 
The essential basis for the modern industrial orgamsrn of the 
middle valley took form dunng this penod a uniformly dense agn- 
cultural occupation of the area, localization of the major towns along 
the river, and, finally, the mechanization of farm work 

The vanety and distnbution of raw matenals consumed in these 
manufactunng industnoa have been related to the spectacular de- 
velopment and ust of farm and mdustnal machinery The valley 
took in its stnde the changing sources of raw matenals and of mar- 
kets, but of even greater significance to the character of its present 
mdustnal structure have been the mdustnal forces, wholly apart 
from matenals, which have developed within the region 

In the periphery the scores of towns and vUiages have expenenced 
an mdustnal change which, in the mam, has been uprooting and is 
manifested by local industrial rehets 

In the mdustnal core of the valley such forces have given to the 
manufactunng processes of the region these relative qualities first, a 
high value added by the manufactunng process, second, an emphasis 
upon precision machinery, and, finally, a widely ramified market 
In this small area the items of human occupance focus upon the 
cities of the middle valley, and the resulting mdustnal structure is 
an appraisal of the inseparable connection between these centers and 
their agncultural setting As the area has become more complex m 
its economy, its regionality has become more pronounced through a 
dispersal of wage earners m plants offenng increasingly more wage 
}oha 

Trd Ohio Statu Univiirjiitt 
CoLUBfBCB, Ohio 




THE GRAND SABLE DUNES ON LAKE SUPE- 
RIOR, ALGER COUNTY, MICHIGAN 

STANARD G BERGQUISr 

T he Grand Sable dunes, situated to the west of Grand Marais 
(see Map 33) occupy an area of approximaUly five square miles 
along the shore of I ake Superior in T 49 N , R 14 W Although 
limited somewhat in artal extent, this dune massif has m part suffered 
exUnsive morphological changes since its development in tht early 
stages of Lake Algontimn history and presents a topography which 
has been made extremely complicated by aeohan erosion (stt PI 
XLVI, Fig 1) The area lies some distance to the north of the hinge 
line and bears evidence of having been raised 275 feet or more by 
differential uplift sirue early Algonquin time The present dunes 
are lurched partly upon a bay-mouth ‘ bar with a steep, wave- 
modified front slope extending down to Lake feurierior The bluff 
face along the lake shore exposes a cross section (Fig 21), which re- 
veals an intcrtstmg succession of glacial and glaciolacustrme deposits 
(PI XLVI, Fig 2) In tlu basal portion of the shore cliff, extending 
upward 100 feet or more above the level of I^ke Superior, the material 
IS Iwulder clay or till of strictly glacial origin Large erratics are 
scattered promiscuously through this section and form a promment 
part of its composition Numerous large boulders are strewn upon 
the present strand and likewise are distnbuted over the floor of the 
lake for some distance out from the shore Where the water is 
shallow, they project above its surface The erratics and coarse 
cobbles were here concentrated by the attack of waves against the 
shore cliff while the finer matonal was bemg earned away Their 
distribution on the lake floor serves to give a general index of the 
amount of retrogression suffered by the shore since Algonquin tune 
Restmg upon the basal Ull sheet and extending to the surface of the 
bar is a series of stratified beds and lenses composed of rounded cob- 

^ Johnson, D W , Shore Froeeeeet and Shorehne Deoelopmentt First Edition 
(John WUey and Sons), pp 300-307 1919 
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bles and coarse gravels, intercalated witb silt and sand of varying 
degrees of texture This composite of assorted and stratified materud 
which constitutes the upper section of the exposure is lacustrine in 
ongm and was deposited during the early stages of Lake Algonquin 
history The surface of the bluff near the outer or lakeward margin 
of the plain stands at an altitude of 870 to 880 feet above sea level and 
is composed essenUally of wind*wom gravel and cobble 

in an early stage of glacial lake history the Algonquin waters 
formed a shore which is now marked by a wave-notched cliff, at an 
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altitude of 880 feet, m the moraine two miles south of Grand Marais 
During this time a bay-mouth bar, constructed across the mouth of a 
large ombaymont, was extended between the rocky headland of Au 
Sable Point and the rock falls near the mouth of Sable Creek The 
lagoon which formed between the bar and the shore luie was ongmally 
rather large, but gradually dwindled m extent as differential uplift 
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raised the land and drainage changes caused a lowering of the lake 
level Grand Sablt Lake, with an altitude of 743 6 feet or 141 feet 
above the level of Lake Superior, is a remnant of this former large, 
land-locked lagoon (Fig 22) 

In the interval dunng wWoh the early Algonquin waters receded to 
a level slightly below that of the newly formed bar, the waves of the 
lake were actively engaged in propelling large quantities of sand 
shoreward Storm waves especially were responsible for the beaching 
of sediment high up on the strand, beyond the reach of normal wave 
action The beach sand supplied by waves to the Algonquin bar dned 
out intermittently and in the desiccated condition was shifted to 
windward by atmospheric circulation Although there are now no 
evidences that the onginal wind-blown sand deposits were laid down 
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as fore-dune ndges, it is logical to assume that the Algonquin aeohan 
cycle was m its vanous aspects quite similar to that which char- 
acteraes later dune activities as discussed by Miss Stevenson * 
Fore-dun c ridges were without doubt onglnally piled up a« low fea- 
tures running parallel to the shoie These then supplied material out 
of which the larger ** strand” ’ dunes were subsequently formed 



From the viewpoint of structural cliaracUnatics the dunes of the 
Grand ftablc region may logically be subdivided into two units In 
the western extremity of the area the growth of a dense stand of hard- 
woods has definitely restricted migration Here the dunes are ar- 
ranged in successive rows, each trending parallel to the shore line of 
Lake Supenor They were whipped up uito definite ndges with an 
axial trend more or less normal to the direction of the prevailing north- 

* fitevensoQ, Ellen B , “The Dunes of the Manietique Area,*' Fap Mtch 
Acad Set , ArU and leliers, 14(1930) 476-483 1981 

» Solger, F , and Others, DunenhucA (Verlng von Ferdinand, Eoke in Stutt- 
gart), pp 141-147 1910 
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westerly onshore winds which formed them, and they correspond to 
the tranavtrHC type m described by Au-fr^re* In thw section the 
dunes have Huffered but slightly from the effects of deflation and show 
little or no evidence of having been greatly deformed 

In the section which lies immetliatcly adjacent to Grand Sable 
Lake there is a scarcity of forest cover, and the wind has played havoc 
with the sand deposits A study of this art a m broad tierspective 
w veals a rather indohmte transv erse arrnngemi nt of the original dune 
ndgen, although an atttmpt to traci them out is futiU Larlier 
transverse dunes were doubtless formed during the Lake Algonquin 
stage, whf n tlie waves contributed to the l>each a constant supply of 
sand for afohe translocation When the land was uplifted to the 
iwnnt where the water level dropped too low for sand to be ( arned up 
to the bar by the wav es, the dunes were detached from their source of 
supply and constructional activity terminated With the source of 
fresh sand cut off, oeolian t tiergy was directed largely to reworking 
tlie matenal of the dunes already formed In post-Algonqum times 
the original transverse ndgi s have been thoroughly transected by the 
strong, turbulent winds blowing landward from Lake Superior Deep 
deflation furrows and wmd troughs have been stulptured m the old 
sand surface, and in places sand removal has been sufficiently com- 
plete to expose the underlying lacustrme bar gravel and often the 
basal till In th( deeper blowouts, and particularly where they have 
been excavated into the till below the cobble and gravel, the floors 
support a dense stand of yoimg evergreens, which seem to have a 
stabilizing and controlling mfluence on local sand movements 

The dune surface in the Grand Sable lake section has betn made 
so complicated by wind erosion that it is now difficult, if not impos- 
sible, to detenmne any well-defined pattern of structure So com- 
pletely have the original transverse dune ridges been deformed by 
wuid activity that it is impossible to trace them except for very short 
distances They have been reconstructed by erosion and transloca- 
tion, as suggested by Free,® into secondary ndges which run more or 
less parallel to the prevailing wind direction, types which Au-frfere * 

* Au-frAre, L , “Lo Cycle morphologique dee dunos, ‘^Annakt de 
40 362-885 1931 

» Free, E E , The Movement ^SoU Matenal by the Wind, with a BdAiognsidiy 
vS Aeottan QeeAoyy by 8 Q StunU and B S Free, U B Bureau of Soils, Bull OS, 
pp 1*173 1911 

* Au-frtre, as cited in note 4 
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olaaeifies as longitudinal It is rather singular, however, that the 
transitional or horseshoe type of dune which Scott ^ has found in many 
of the Nipissing areas along Lake Michigan is lacking in the Grand 
Sable lake section This may be due to the fact that the wind-ex- 
posed Algonquin dunes, bemg older, have been subjected to much 
more deformation than those of Kipissing age Consequently they 
have passed through and beyond the transitional stage of develop- 
ment 

The longitudinal dunes of the area are rather rugged in relief 
(see Map 34) The highest dune observed was found to have an alti- 
tude of 980 feet above sea level, while the deepest deflation hollow 
was 200 feet lower The ridges have a general trend N 30®-40® W , 
8 30®-40® E and are separated from each other by deep aeohc valleys 
or wind furrows Their slopes are greatly oversteepened and main- 
tain angles up to 60 degrees, especially where dune grasses and trees 
are effective m holding the sand particles together The crests of the 
dunes terminate occasionally m knife-edge ndges, particularly where 
the deflation surface is freshly developed on older slopes upoh which 
grasses have had an opportunity to extend a well-formed root system 

One of the factors contributory to the development of steep slopes 
is associated with the activities of melting ice and snow During the 
wmter season snow accumulating on the sand surface often becomes 
buried under several feet of drifting sand The weight of the sand 
cover, together with the impactmg force of the wind, has a tendency 
to transform the snow into a partly frosen ice The insulating influ- 
ence of the sand delays melting of the underl 3 rmg ice for a considerable 
period after the surface snows have completely disappeared, and it is 
not uncommon to dig into buried Ice as late as the middle of June 
When Anally the subsurface ice melts out on the slopes, large masses 
of watSTHBoaked sand break off along well-fortoed and somewhat 
extended cracks and joints These slump downward and produce new 
^opm considerably steeper than the an^e of repose for the material 
cohtamed 

The dunes which have been blown up rather recently, or which are 
now m process of formation, especially in the aeolio valley ways, show 
evidence of sculpturing by two principal trind directions more or less 
opposed to each other In ^e of the newly formed larger 

dunes the steep back dopes face to the southeasti Indicathig a inre- 
' Scott, I O , peraood oomsMintesttoos* 
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vaihng northwesterly wind from hakt Siijierior Some of the smaller 
dunes ha\c their steep lee sl()p(s n versed in direction and give evi- 
dence that the w( akcr land winds hktwibc have played an important 
r61e m modeling the surface n lief The present eomplex topography 
of the area is the produ< t of continued post-Algonquin operation of 
these opposing aeohe forecs, with the advantage greatly in favor of 
the much stronger onshore winels 

The getural absence of a vegetative cover in the Grand Babh lake 
see tion of the dunes has been and still is ri sponsible for a considc rabh 
amount of migration of sand by the wind Immediately to the north 
and ciist of the lake a forest is now m process of being mvadul by 
elrifting sand (PI XL\II, Fig 1) Here the deposit has piled up to 
such a depth as to eov c r completely the smaller in es, while the large r 
ones stand bulled to half their total heights The ehiruul of bable 
Creek, winch forms tlu outlet of Grand Sable I ake and likewise limits 
the eastern margin of the Algonquin dunes, is being continually 
shifted to eastward by the rapully invading sand (PI XLVII, lug 2) 
Farther to the wtst the dunes are gradually emioaclung upon the 
margin of Grand Sable T akc , and much sand is annually being driven 
by the wind into its basin (PI XL VI 11, lug 1) 

On the bar, along the Superior shore, where the perched dunes are 
relatively low or absent, and the sand mass is limited in volume, the 
wmd has suceossfully removed the bulk of the finer debris, with the 
result that m local areas the gravel surface has been swept fairly clean 
of sand (PI \LVIIT, Fig 2) Along these margins the coarse cobble 
and grav el art cone entrated on the residual floor to form the so t ailed 
lag gravel of Uddc n * In certain of these areas once buried fort sts art 
now being exhumed by the wmd (PI XLIX, Iig 1) 

On the wind t xposed marginal tracts, where the finer particles 
have been whipt>t d across the desert armor of the bar, t he long-con- 
tlnucd process of sand blastmg has sculptured the Cobble, gravtl, 
pebbles and t v c n the smaller granules to produce a variety of wind- 
worn stones described as ventifacts by Bryan • Many of the fine- 
grained stones, such as granite, dionte, diabase, and basalt, hav e been 
faceted by wmd-dnven sand blasts into the characteristic Em- und 

* Utlden, J A Mechanical Compontton of Wind DepostU, Augustana I ibrary 
Publication, No 1 1R9R 

• Bryan, Kirk, tnd-Wom Stonea or VmUfacta A IHacuanon and Bibltagi a- 
phy Heprint and Circular Sertea of the National Reaearch Council (Report of the 
Committoo on Sedimentation, 1929-^), No 98, pp 29-51 
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Dretkanter of German literature (PI XLIX, Fig 2) The eoarscr- 
tcxtured rocks, such as pegmatite and coarse granite, have had their 
softer mmerals etched deeply by the blasting action of the wind, but 
the more resistant minerals stand out in bold relief (PI L, Fig 1) 
Although acres of wmd-pohshed ventifacts of various sha^iea and suea 
are exposed along tht margin of the lag-gravel plain near Lake Su- 
perior, there seims to be no defimte or systematic orientation of the 
faceted planwi This may undoubtedly be aeeounted for by the fact 
that the annored surface is exposed to the aetivitus of the variable 
landward and lakeward winds, whieh have a tendency to shift the 
sand across the surface m all directions 

In the dedation hollows or blowouts the atmosphere is constantly 
forced mto a turbulent activity as a consequence of cross currents 
and eddies which are set up by the lashing gales of Lake Superior 
In the areas of turbulence a great deal of fine material is constantly 
bemg lifted mto the atmosphere and earned away by flotation The 
continued movement of the wind across the sand surface produces 
npples (PI L, Fig 2), which appear to vary In size according to the 
texture of the particles and the velocity of the wind These range 
from minor wrinkles in the finer sand to the giant waves of Bucher 
in the coarser material For each different wind velocity there is a 
given textural range of matenal which is raov<d per saltum The 
index of the ripples, or the relation between wave length and wave 
height, IS determined largely by these factors One of the largest giant 
npples to be observed after a severe wind measured seven feet from 
crest to crest and had a wave height of fourteen mches This wave 
possessed a basal composition of coarse sand, which was veneered with 
faceted and polished fragments ranging m size from coarse gravel to 
angular pebbles an inch and more in diameter It is difficult to con- 
ceive of a wind turbulence sufficiently violent actually to move, for 
any great distance, particles so large The writer is of the opimon 
that the coarser matenal originally formed a protective mantle over 
the underlying sand surface The wind blowing through the open 
network of pebbles and gravels had a tendency to move the finer 
matenal below, and to cause it to assume a rippled surface The 
coarser fragments above merely settled into the newly developed 
structure and m conformation with it Further studies of wind veloci- 

” Bucher, W H , “Giant Hippies as Indicatton of Paleogeography “ Proc 
Nat Acad Set , 3 286-2»l 1017 
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ties and sand movement during periods of sev<re atmospheric dis- 
turbances are necessary before definite conclusions may be reach*, d m 
regard to tht inechanus involved in th< distribution of the (oarse 
material in such nppled surfaces 

The Grand bable dunes terminate in the central portion of Section 
7,T 49N,R 14W At this point and continuing wo8t\\ard for a 
distance of about a mile the dunes give way to the steeply slopmg 
Grand Sable banks In profile, this s* ction w similar to that which 
constitutes the area when the dunes repose It is composed of strati- 
fied layers and lenses of cobble, gra\tl, sand, and silt, resting on basal 
till, and IS merely a continuation of the bay-mouth bar which con- 
nects at this end with the rocky headland of Cambrian sandstone at 
Au SabU Point The bluffs stand at an altitude of 875 feet and slope 
northward dow u to Lake Superior with an average angle of 35 degrees 

The crest of the bonks is a wind-swept sandy plain over the sur- 
face of whi(h arc scattered groups of low aeolian sand hills It is 
quite probable that wc Il-defincd dune ridges were originally formed on 
this portion of the bar during the Algonquin stage Owing to the 
fact that it represents the narrowest portion of the wave -deposited 
feature, the dunes have been moved off and destroyed through pro- 
pulsion of sand by the dominant wmds after removal of the source of 
sand supply Evidences of considerable translocation by wind ac- 
tivity are to be found m the sandy lake plain, extending southward 
into the Hurricane Basin, where the surface is mantled with a thin 
covering of wind-deposited sand 

CONCLUSIONS AND gtTMMARY 

A study of the geological evidences which are available m the area 
seem to permit the foliowring conclusions 

1 The Grand Sable dunes were formed from contributions of 
sand deposited by wave action upon a bay-mouth bar, the surface of 
which corresponds in level writh the position of an early Algonquin 
stage m lake history 

2 Differential uj^ts since Algonquin tunc have raised the bar 
some 275 feet to an altitude of 880 feet above sea level In the process 
of uplift, accompanied successively by lowonng of the lake level, a 
large lagoop, formed between the bay-mouth bar and the older sboi^, 
eventu^ly contracted to produce Grand Sable Lake 

3 When the level of Lake Algonquin was lowered gufficioutiy to 
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cut off permanently the supply of fresh sand^ dune accumulation 
ceased^ and the wind was forc^ to direct its energies largely m trans- 
locatmg the sand of the dunes already formed 

4 The original dunes in the area where migration has been most 
pronounced were undoubtedly of the transverse typo They have 
subsequently been transected by deflation with the development of 
longitudinal forms which are separated from each other by deep wind 
furrows 

5 Because of their age the dunes of the region have suffered so 
much deformation that no vestiges of fore-dune ndges are preserved 
Likewise they have passed from the transverse to the longitudinal 
forms leaving scarcely any traces of the intermediate stages 

6 The dunes m the Grand Sable lake section are actively mi- 
grating windward, with the result that the sand is gradually being 
removed from the origmal position on the bar Extensive areas of the 
marginal tracts fronting Lake Superior have been swept fairly clean 
of sand by the activity of the dommant winds In time the dunes will 
be shifted so far to the southward that the bar wiU be largely, if not 
completely, exposed 

MiomoAN Statb Coli4bg» 

Kabt Laksxtcq, Michigan 



Pia 2 A w*ctirtn of th< bluff exposure on the Ukeward face of tlie bay-mouth 
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SINKHOLES IN THE INDIAN LAKE RE- 
GION, SCHOOLCRAFT COUNTY, AND 
OTHER MICHIGAN SINKS 

O FLOYD POINDEXTER 

I N A paper presented at the 1934 meeting of the Michigan Academy 
mention was made of certain depressions about one mile south- 
east of *‘Big Spring,^* Schoolcraft County (see PI LI) At that time 
these depressions had been observed in airplane photographs, but had 
not been studied in the held Last September 1 had the opportunity 
to revisit the Big Sprmg region, and with the assistance of Mr Stanley 
Held, caretaker of the Palms Book State Park^ and Mr Joseph Du- 
pont, an old lumberjack, examined about twelve of these depressions 
The larger holes range from 100 to 150 feet across and from 40 to 
60 feet m depth , the dimensions are approximately those of the Big 
Spring depression, which appears to be formed from two sinks which 
intersected each other during the slumping-m process There are 
also smaller holes 50 feet across and 15 to 20 feet in depth, as well as 
still smaller pits 16 to 20 feet across and 6 to 8 feet m depth The 
depressions are sharply conical, the large ones, which taper to a width 
of only 6 or 8 feet at the bottom, suggest an opening m the rocks 
below, into which the sandy soil has poured in hourglass fashion 
As a result of recent heavy rains most of the holes contained water at 
the tune of the visit This Imperviousnesa of the bottom is explained 
as due to a silting up of fine material washed down tlie slopes by ram 
Leaf mold, which has accumulated to a depth of three feet in most of 
the depressions, also aids in retardmg drainage at the bottom of the 
holes 

Direct evidence of formation of the holes by caving m of the sur- 
face formations was found along the old railroad grade that passes 
through the sinkhole area This grade is heavily grown up with grass 
and weeds, but at the very center there is a tubular openmg about 
four feet in depth and lar^ enough to admit a man’s body At one 
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mdf* of the opening the soil has slumped, and a fresh break m the sod 
IS plainly observable Mr Dupont stated pasitively that the break 
in the grade was not in existence at the time of hia last visit, whu h 
was about one year previous The stable character of tlu old logging 
grades of the north, th( absence of any fill at that particular point, 
and the heavy sod which has developed preclude the possibility of the 
depression having been formed by slope wash or gullying 

In a previous paper by thf author* it was suggested that Big 
fepnng was formed as a n suit of slumping of the rock strata and over- 
lying surface drift owing to solution of beds of gypsum at the top of 
the Cataract ( ?) formation This cr( ated an avt nue along which the 
heavily charged ealcium sulphate waters might rist 

The surface dnft of the area of Big Spring and the sinkholes to the 
south is underlain by rock strata of the Burnt Bluff formation, whu h 
in the eastf m part of Schoolcraft County contains important bo<!s of 
high calcium limestone Westward these beds have become doloini- 
tiacd, but locally undolomitiEed areas exist Outcrops of nodular 
semilithographu limestone were found on the east side of Indian Lake 
only a few miles from the site of the sinkholes An alternate theory 
of th< origin of Big Spring may be developed by postulating solution 
of local limestone areas m tlu Burnt Bluff formation and establish- 
ment of a coniifction with lower beds by downward movement of 
surface waters, which enlargcnl joint cracks and other passages In 
the case of the smks to the south of the spring no deeper connection 
would be assumed to have been established 

In the Southern Peumsula spectacular sinkhole development has 
taken place in Presque Isle, Alpena, Montmorency, Otsego, and 
Cheboygan counties, the sinks occur m the belt of outcrop of the 
Traverse limestone (see Map 35) The best known of these smks are 
in Presque Isle and Alpena counties Just east of Shoepac Lake m 
Presque Isle State Forest there is an arcuate group of five very deep 
sinks (PI LI I) that lie in a valley which can be traced eastward for 
a distance of several miles Several other smks are located in the 
eastward extension of this valley, and others are unrelated to the 
valley Sink No 1, which is 600 feet west of Shoepac Lake, is 120 feet 
deep, and the bottom is 90 feet below the water surface of the lake All 

‘ Study of Underground Waters Beanng on the Source of *Big Spring/ 
Schoolcraft Countyi Michigan, ' Pap Mtch Acad Set , Arts and 20 (1934) 
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Map 35 HmkhuU ana* (^lumn Uv oircW) m tUp uorthprn part of the 
Southern Ptninnula 


water table m that area Francis Lak< drains through Tomahawk 
Creek into Black River, but Shoepac Lake has no vwibk outlet 
Initial mspection of airplane photography suggested that, because of 
the existence of the valley eastward from the lake, Shoepac Lake 
originally had a surface outitt down this valley to the Rainy River 
system until the sinks developed, captured the ^atcr, and left the 
outlet dry Examination of the pictures under the stereoscope and 
of the area in the field, however, refuted this theory because of the 
height of the ndge between the lake aiid sink No 1, and the absence 
of river terraces and other features In the valley oast of the sinkholes^ 
The valley presents a flattened U-shaped cross section, and its bottom 
has a hummocky rolling character 
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It 18 believed that thi8 is a valley sink and that Shoepac Lake at an 
early stage developed underground drainage lines that followed the 
direction outlined by the surface valley, at least until the development 
of the deep sinks It is quite possible that a small preglactal valley 
existed m the limestone and that the drainage from the later-formed 
glacial lake sought out this old valley and, as time went on, gradually 
sank through cracks in the limestone and became largely underground, 
with an eventual slumping m of the blocks of limestone along the 
drainage Imo This settling and caving clearly occurreni after the 
area had been uniformly covered by glacial materials Afinal photo- 
graphs of the valley east of tho sinks disclose the presence of parallel 
ndges or undulations on the side of the valley which could have been 
formed by slumping or settling of the glacial materials Some of 
these ridges have the appearance of distinct breaks m the soil 

Little Ocqueoc River near MiJlersburg, Presque Isle County, shows 
how a stream smks into enlarged cracks m limestone and eventually 
flows underground, leaving a dry surface channel mto which blocks of 
limesstone have slumped as a result of underralnmg by solution 

The most extreme development of sinkhole topography in the 
several counties mentioned, and probably the most impressive, is 
found near Long Rapids, Alpena County Here nine sinks can be 
viewed in a distance of one-half mile along the road Bix of these 
have \ertical walls of limestone In Fletcher State Park, about six 
miles north of the village of Long Rapids, is the famous Sunken Lake 
(PI LIl), a valley sink with a funnel-shaped sinkhole at the western 
end This appears to be a preglacial valley sink, since the north wall 
IS heavily covered with glacial drift, whereas the south wall is an 
almost vertical limestone cliff In the sprmg, when the rivers were 
high, Sunken Lake was filled with water by overflow from the North 
Branch of the Thunder Bay River By late summer, however, the 
water had all disappeared through cracks m the rocks and through 
the sinkhole m the west end of the valley A dam built m the lumbW- 
ing days to prevent logs from being diverted from the main channel 
of the river into Sunken Lake now leaves this part of the v^ey 
permanently dry 

Ver Wiebe ’ has emphasised the occurrence of aoervularla reefs in 
the limestone walls of the smkholes of Alpena County as having a 
bearing upon the localisation of the sinks This seems to be a plausi- 
> Unpublished manusonpt, "The Stratigraphy of Alpena County, Michigan ** 
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ble theory, since the extreme purity of the reefs favors solution, and 
their more or less domelike structure and tendency toward alignment 
or grouping would account for the roughly circular outline of the smks 
and their frequent occurrence of three or more m line or in a group 
An mteresting phenomenon noted by Rominger as early as 1876 
may be observed at the outlet of Long Lake in northeastern Alpena 
County Here is a three-armed lake of peculiar appearance (Map 36) 



Map 30 Ivong Lake, Dcvila Lake, and Long Lake Creek, Alpena County 


that was probably formed by solution along jomt cracks and subse- 
quent settling along the lines of solution to produce the right-angled 
pattern In the spnng and early summer, when the outflow from 
Long Lake is laxge^ Devils Lake Alls with water, and the bulk of the 
drainage apparently goes by way of Long Lake Creek to Lake Hu- 
ron In midsummer, however, the outflow from Long Lake dimin- 
ishes, the level of Devils Lake drops rapidly, and by late summer not 
only is the lake almost entirely dry but the drainage to Lake Huron 
hoe been reversed, and the entire outflow from Long Lake can be ob- 
served to disappear underground in a funnel-shaped depression m 
the south arm 
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An interesting sink known a« “Deep Hole'' is located in El Cajon 
or Misery Bay The water at the head of the inlet to this bay is very 
shallow, averaging only a few feet in depth At the rim of the sink- 
hole, however, the ledge drops off abruptly to a depth of 76 feet 
Grabau • states that strong springs arise from this dtpression, and 
legend has it that the water which formerly disappeared at Sunken 
Lake reappeared in Misery Bay If any definite underground stream 
issues at this point, however, it would seem more logical that it should 
come from the Long I^ke outlet rather than from more distant 
Sunken Lake 

In the Pigeon River Forest, northeastern Otsego County, there is 
a group of extremely interesting lakes strikingly circular m outline, 
lying m deep holes m an outwash plain (see Pi LIII) The sides of 
the basins slope precipitously to the water surface, which lies from 50 
to 60 feet below the run of the hole, and the water has an equal or 
greater depth One of these holes is known as the “Devil’s Soup 
Bowl “ These depressions are considerably larger than any of those 
mentioned before, the larger holes are more than 600 foot across 
These depressions are thought to b< sinkholes m the Tra\ erse lime- 
stone, as It is otherwise difficult to account for the nearly circular 
funnel-like form, steep sides, and so nearly similar characteristics of 
this group of lakes 

Professor S G Bergquist* states that sinkhole topography is 
present m the northwestern part of Montmorency County This 
development m the form of deeply pitted outwash apparently is 
related to that of the Shoepae Lake area, which it adjoins 

Dkfartmsnt or Conbcsvatiok 

Lansinq, Michigan 
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Aonal photograph of 8inkholf;« noar liulian , SchotiUratl 
County (lower right hiuitl ct>riu r) Big Spring ih m upper 
left quadrant 
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ABRUPT DECLINE OF THE WHITTLESEY 
BEACH AT BIRMINGHAM, MICHIGAN 

GEORGE M STANLEY 

T he Whittlesey beach is probably the best possible key to post- 
glacial deformation of the land m southeastern Michigan It 
lies out on the lake plain, usually a mile or so from the highest shore 
line of the ancient lakes m this region, and some sixty feet below it 
In most places the beach is a conspicuous ndge of sand and gravel 
built across valleys and lowlands, and is generally much bolder and 
more perfectly developed than similar ridges at other levels, since it 
was built by the waters of a rising lake In some few places the 
Whittlesey shore line is marked only by the change m slope of the 
land, which drops abruptly twenty feet or so into the old lake bottom 
within a short distance In general, none of the other shore hnes 
arc so marked topographically, except perhaps the highest (Highest 
Maumee), and certainly none are so easily or so precisely measured 
for elevation as the Whittlesey beach ridges Topographic maps 
cover nearly its whole course from New York to Michigan The ap- 
pearance of the beach may be seen m Plate LIV 

The boundanes of the glacial Lake Whittlesey, together with its 
line of discharge, the events which brought about its rise and decline, 
and the whole thread of these remarkable deductions are excellently 
shown and desenbed by Leverett and Taylor * They have also shown 
how the Whittlesey shore line, northeastward from Birmingham, 
begins to nse about one foot per mile, whereas southwest of Birming- 
ham it is horisontal At Birmingham, therefore, is placed one of the 
hinge hnes of the well-known postglacial uplifting movement Near 
this hinge line there is a peculiar discrepancy in the elevations of the 
Whittlesey beach ndges To demonstrate and, as far as possible, to 
explain this discrepancy are the objects of this paper The data were 
secured m July, August, and October, 1934, during the course of some 

^ U S Oeoi Surp.Mw SS, pp 362-385 1915. 
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mapping for the Cranbrook Institute of Science of Bloomfield Hills, 
Michigan 

TABLE I 


Ei^vvationb or WHirruBsay Baxca 


The first seven localities are west of the Birmingham moraine and outside it, 
the others are east of the moraine or on it 


Weva- 
tion of 
beach 

Miles in 
direction 
N25‘‘E 

Locahty 

Township 

Section 

740 5 

0 

Crossing Highway U S -16 

Farmington 

2SS£i 

740 6 

05 

Grand River and School Street, 
Farmington 

1 

27 

741 

26 

Southeast of intersection of Mid 
die Belt and roads 

K ! 

24 NW comer 

741 


Northeast of Intersection of 
Franklin and Northwestern 
highways 

Southfield 

7SEi 

741 6 

D 

Crossing Telegraph Road ]ust 
north of l3~Mile Road 

u 

5 3Ei 

742 

71 

Crossing Intcraection of Lahser 
and 14*Mile roads 

Bloomfield 

4 NE comer 
34 SW comer 

742 

78 

North of 14*Mile Road, one*baif 
mile east of Lahser 

Southfield 

4 S center 

732 6 

I 66 

500 feet northwest of intersect 

Bloomfield 

2 SE comer 


1 70 

tion of 13*Mile and Southfield 
roads In several places 
within one*half mile 

Southfield 

o 

n NEi 

12 NWi 

732 6 

74 

Crossing mterscction Greenfield 
and IS-Mile roads 

j 

Royal Oak 

1 12 N£ comer 
6 SW comer 

782 

82 

Crossing Woodward near Park- 
way Drive 

II 

6 center 

734 6 

87 

Crossing 14-Mile Road, one-half 
mile east of Woodward 

II 

6NEt 

785 

91 

i Crossing Grand Trunk Railroad 
! in north end Clover HiU Park 

1 Cemetery 

Troy 

81 SEi 

736 

99 

Crossing East Maple Road al 
most two miles east of Wood- 
ward 

If 

32 NWt 

737 5 

no 

Crossing Big Beaver Road 

M 

29 north-cen- 
tral 

739 

117 

West of Oooks Road, south- 
west of cemetery 

41 

20NEI 

789 

12 2 

; Crossing Watfiss Road, )ust east 
of Crroks Road 

If 

16 8WI 

741 

14 4 

Southeast of Troy comers, east 
of Uvemots Road 

14 

10 NWJ 
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EUeva 
tion of 
beach 

Miles in 
direction 
N25 E 

Locality 
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34 2 
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road and highway 

Richmond (measured here by 
I-«verett and Taylor, from a 
questionable railroad eleva i 
tion) 

Threshold of J^e Whittlesey i 
outlet at Ubly 





The elevations of the Whittlesey beach were variously obtained 
They are based mostly on the wnter^s short-distance runs by hand 
level and stadia rod from such references as railroad and highway pro- 
files and bench marks In a few cases, when estimates to within a 
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foot could be obtained by the hand level alone^ no rod waa employed 
Probably some of the reference pointa are not entirely reliable 
Errors in lev( Img may amount to half a foot Also, in the final act of 
measurmg the beach, variations of a foot or so are always to be found 
m Its gravelly, grassed-over surface Caution was taken to avoid 
abnormal heights duo to plowing, tree growth, and similar disturb- 
ances In most cases the wnter took a series of typical values, and 



Mat 37 WhittlcBoy Ithoro line and accompanying glacial fcatureH in south- 
eaotprn Oakland County Hec also Map 38 which shows the roads m this 
same area 

he presents in th( accompanying table the mean of these, to the near- 
est half-foot In spite of inaccuracies, it is nevertheless considered 
that most of the figures are witbm a foot, or perhaps two feet, of the 
best possible values 

It IS recognized by students of shore forma that gravel ridges may 
lie built at varying heights above or below the water level Along the 
shore of a lake such as I^ke Whittlesey, however, there must have 
been a generally uniform maximum height to which the waves could 
build the stronger beaches It is this feature of the shore line which 
the writer has measured Levels were taken only to the strongest 
and most conspicuous gravel ridges to be found, and only to their 
highest typical points In some places there were secondary ridges 
a foot or so lower, which have not been referred to m the tabulated 
results They are given m the accompanying table and are graphi- 
cally shown in Figure 23 The locations of most of the points where 
measurements were made are indicated m Maps 37, 38, and 39 
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Map 30 Shore ridgee ehowing (he points (miu-kod by orossee) 
where typioal elevations were taken 
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DISCUSSION 

Despite the lack of precision m these measurements, there is a 
regularity m elevation of the Whittlesey beach which bespeaks the 
general correctness of the values given, with but one notable dls^ 
crepancy Beyond the outer (western) side of the Birmingham 
moraine and to the west the elevation of the beach is consistently 
between 740 and 742 feet, eastward, between here and Southfield 
Road, the beach suddenly lapses nearly ten feet in elevation On 
the mner (eastern) side of the Birmmgham moraine the beach recon- 
tmucs with a gradual northeastward nse, but does not regam on alti- 
tude of 742 feet until some nine miles farther to the northeast This 
abrupt lapse m elevation is shown conspicuously m Figure 23 It is 
also perfectly apparent from the United States Geological Survey 
contour maps of the Pontiac and Rochester quadrangles 

In seekmg the cause of this discrepancy in level of the beaches we 
may first consider the possibility that it has existed from the begin- 
ning, and that the beaches at Southfield Road were formed at a level 
some ten feet below those at Lahser Road (two miles to the north- 
west), in which case the land in the vicmity has been stable At 
Southfield Road the ndges constitute a magnificent series of recurved 
spits, as may be seen m Map 39 And since many spits are known 
to have been built and prolonged beneath lake level, it might be sup- 
posed that these ndges were made subaqueously m Lake Whittlesey, 
whereas the beaches to the west were built above the water, and that 
this condition accounts for the difference in level between them 

However, a closer knowledge of conditions here renders this view 
untenable Anomalously low elevations, as may be seen from Figure 
23, characterise the Whittlesey beach from Southfield Road for nme 
miles to the northeast to near Livemois Road The wnter is not 
aware of any subaqueous spit which has attamed such magnitude m 
a similar environment Moreover, at Greenfield and Thirteen-MUe 
roads, only a mile or so from the terminal part of the spit, the beach 
IS banked against the till of the Birminghtun morame in such a way 
as to show quite positively that it was formed marginal to the lake 
and not below it A similar condition exists where the Whittlesey 
beach is crossed by East Maple Road And along the edge of the 
lake we might reasonably expect the beaches to be developed at ap- 
proximately the same elevations as in similar situations further west 



The WhtUleBey Beach at Birmingham 451 

Moreover, the writer is inclined to regard the spits near South- 
field Road also as having been constructed to a level above the water 
surface of Lake Whittlesey, and not below Southwest from Green- 
field Road many spit ridges segregate from the principal beach 
Where undisturbed for gravel, the most prominent of these ndges, 
if not all, maintain level, even crests right up to their terminal 
pomts Elevations taken on several of them, at many places between 
Southfield Road and the ends of the spits, all fall around 732 or 732 5 
feet, which is the elevation of the beach at Greenfield Road At the 
termmation of each spit there is a drop-off, very abrupt and amount- 
ing to eight or ten feet m some places Clearly these surpnsmgly low 
elevations of the Whittlesey ndges at Southfield Road are not due to 
a gradual lowering in level of the spits where they protruded out mto 
the former lake to pass beneath its water level The writer regards 
them all as having been formed slightly above water level, like many 
spits or bars hv the Great Lakes today * 

It seems possible that the anomaly under discussion is the result 
of wave work at different levels of Lake Whittle-scy, which was 
probably subject to seasonal fiuctuationji However, this single, 
large change in elevation seems too much out of proportion to the 
irregularities elsewhere to suit such an explanation Although satis- 
factory proof IS perhaps lackmg, the wnter regards these data as very 
suggestive of vertical movement of the land 

C0NCLXT810NB 

There appear to be two possible views of the nature of this vertical 
movement 

1 As noted by Leverett and Taylor,* the hinge Ime for the post- 
WhitUesey uplifting is at Birmingham, Michigan It might be more 
than a ooinoidenco that vertical faulting should take place at one of 
the lunges of uplift If this is so, the throw would be m a direction 
opposed to the general movement of uplift At the time of wntmg 
da^ are not sufficient to enable one to say whether ^'structures'' 
exist In the underlying bedrock at this hinge 

2 The second view is less plausible than the first, but is men- 
tioned because of two rather striking occurrences elsewhere Leverett 

■ See U S Oeol Sun> , Mon 6Sf PUte 29C 

* Op €9itP 
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and Taylor note that in different localities Whittlesey and Maumee 
shore hues seem to lapse m elevation where passing eastward over the 
water-laid Defiance moraine * 

Although these observations are based on meager data, they 
suggest relations of the beaches to a former ice boundary exactly 
similar to that shown by the Whittlesey beaches to the Birmingham 
moraine, as hero desenbed If the location of the postglacial sub- 
sidence IS determined by moraines, with movement restricted per- 
haps to surficial deposits, as seems possible from the occurrences 
mentioned, then an explanation becomes exceedingly difficult 

Universitt of Miobigak 

* Op , pp 346> 381 



Fig 2 View northeaHt along the lake ward aid© or fore slope of tlu Whittlesey 
beach f>n the west side of Cwokii Road The house is on th* summit of 
the beach, uhich slopes off m back. In higure 1 it is o<inoealed by the 
heavy clump of trees near the barn 




THE FOUR AND ONE-HALF PER CENT 
DUTY, 1663-84 

KARL H REICHENHACH 

T he restoration of the Stuarts in 1660 gave nse to the problem 
of a definite settlement of the status of Barbados and the 
Leeward Islands in the Bntish Empire Should the Cromwellian 
system of more or less direct control be retained or should the old 
propnetary government, as existing under Charles I, be restored? 
In either solution, what was the Crown to derive from the islands 
and what Vere the details of the arrangement to be? The 4J per 
cent exp6rt duty was an integral part of the settlement and may be 
properly understood only in that connection 

Naturally, m a question so vital as the future status of Barba- 
dos in the Bntish Empire, factions within the island sprang up 
liord Francis Willoughby, former governor under the propnetary 
regime and holder of an unexpired lease under the original Carlisle 
patent, led the group favonng a return to the status of Charles 
I's time He was opposed by the faction favonng more direct 
royal control, under the leadership of Colonel Thomas Modiford, 
who had been governor dunng the parhamentary regime Modi- 
ford was supported by those planters who had found proprietary 
control irksome and by an intelligent sentiment close to the king 
himself, which felt that the Crown^s interests would be better served 
by royal government There was an additional comphcation in the 
questionable legality of the Carlisle patent, which had been declared 
invalid by decision of the attorney-general * 

Jonathan Colleton and Thomas Kendall, two men of the Modi- 
ford faction, went so far in their seal for royal control as to offer 
the Crown an export duty of 4 per cent, although unauthonsed to 
do so * The president and the council repudiated this offer m July, 

‘ Hariow, V T , A of BarbadooSf 16BS~S6 (Oxford, 1626), p l8l 

See WilUemeoo, J A , The Canbbee lolands under the Propnetary Patenti (Londeo^ 
1626), for a diecuaaion of the complicated question of propnetai^ claims 

• Ceiendar of 8UUe Popers, Cohnnalt Wi-dS, Nos 40, 60 (This title is here- 
after abbreviated C S P, Col) 
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1661, petitioning the king for retention of the old 2 and 4 per cent 
duty* In July, 1662, Waldrond, an influential Barbados planter, 
attempted to secure the consent of the assembly of the island to 
the return of the proprietary government, urging in place of the 
Modiford offer the voting of a large sum to the king and a petition 
against the proposed 4 per cent levy Although favonng the finan- 
cial measure, the assembly withheld its support because it was 
definitely opposed to proprietary government * 

Charles II finally stepped in and put an end to the dispute De- 
terred by the difficulty of settling conflicting proprietary claims and 
attracted by the possibility of revenue he decided to take the Car- 
lisle grant under the royal wing and sent over Willoughby as royal 
governor Willoughby was instructed to secure some form of rev- 
enue m Iku of the former propnetary dues ♦ With some difficulty, 
he secured the passage of the 4} per cent export duty m Barbados 
m September, 1663 The several Leeward Islands passed similar 
acts m 1664 

With the definite decision of the Crown against the reestablish- 
ment of the old proprietary patent, the planters of Barbados and 
the Leeward Islands were disturbed as to the future status of their 
landholdings The claims of many of them were vague, and some 
perhaps could have produced none at all In their concern the coun- 
cil and the assembly of Barbados voted an address for presentation 
to the king, which was to contain, among other things, a request 
for an act of Parliament to secure the tenures m Barbados as they 
then stood, m free and common socage of the king • 

In June, 1663, the future disposal of revenue from the Canbboe 
Islands was made by an order m council The arrangement pro- 
vided “one moiety to the use of Lord Willougliby dunng the remain- 
der of the lease by which the same is devised to him and afterwards 
towards the support of the government “ The rest was to be dis- 
posed of m various ways The Earl of Marlborough was to receive 
£300 a year, which annuity was to pass to William Ley on the Earl's 
death The Earl of Kumoul, hoir of Carlisle, was to receive £600 
per year until the creditors of Carlisle w^e paid Then he and his 

*C S P,€ol, mi-es, Nos 137, 129 

* Harlow, op c»l , p 137 

* Beer, 0 L , Th^ Old Ctdonud SyaUm (New York, 1013), I, Part 1 176-170 

* C S P,Cid, 803 
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heirs were to receive £1,000 in perpetuity Tfie claims of the credi- 
tors were to be settled at two thirds of the onginal figuro Finally, 
the Crown was to receive the remainder of the second moiety ^ 
According to Willoughby^s own account, m a letter to the king 
dated 10th SepU inber, 1663, we learn that he “arrived in Barbadocs 
10th August and laid his Majesty’s commands before the assembly 
m being, to avoid the delay of calling a new one They 

have agreed to levy a custom of 4J% on all commcKhties grown in 
the island and hope it may hereafter be advanced if his Majesty 
would grant them some privileges which the Act of Navigation doth 
debar them of ” * trom other accounts it is apparent that the act 
was passed only after three weeks of weary and acrimonious debate 
in the assembly,® and a certain amount of threatening, coaxing, and 
deceit on the part of the governor Opposition to the legislation 
was very great, and one of the leaders in the party of obstruction 
was aubsecjuently arrested and sent to England 

The act itself was destined to be produc tive of so many disputes 
that It IS well to consider it carefully It was far-reachmg in its 
provisions and implications and may be viei^ed in a sense as legis- 
lative sanction by the representatives of the planters, of the arrange- 
ment made by the king m England It not only imposed the 4i 
per cent duty, but also abolished propnetary dues and made secure 
the land tenures of the inhabitants 

There is a plain statement of the purpose of the levy in terms 
which cannot be misconstrued ” and for as much as nothing 
oonduceth more to the peace and prospenty of any place than 
that the public revenue thereof, may be m some mt asuro proportioned 
to the charges and expenses, and also weighmg the great charges 
that there must be of necessity in the maintaining the honor and 
dignity of his majesty’s authority, the public meetings of the ses- 
siona, the often attendance of the council, the reparations of the 
forts, the buildmg a sessions’ house and a prison, and all other 
public charges incumbent on the government, the assembly does 
In consideration thereof, give unto his majesty, his heirs and suc- 

^ JUd, No 482 
» , No 661 

* Boer, op , pp 179-180, note 

C 5 P . Col , Nos 544, 1679 

“ dobomburgk, Sir K. H , Hisiory of Barbados (London, 1848), p 289, 
Foyer, John, of (London, 1808), pp 176-176 
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cessors forever, and we humbly pray that it be enacted 
that an impost or custom be raised upon all dead commodities 
of the growth or produce of this island that shall be shipped off the 
same shall be paid to our sovereign lord the king four and 
one-half m specie for every five score ” The penalty for evasion 
was ffxcd at forfeiture of goods, one half going to the king and the 
other to the informer Produce of land owned by the governor and 
certain creditors of Carlisle were specifically exempted from pay- 
ment 

Other clauses secured land tenures in accordance with the exist- 
ing practice m the island, abolished levies such as the forty pounds 
of cotton per head, and canceled all rents and arrears thereof *‘The 
inhabitants of this island have and hold their several plantations to 
them and their heirs forever, m free and common socage, yielding 
and paying for them at the feast of St Michael every year, if the 
same be demanded, an ear of Indian com to his majesty, his heirs 
and successors forever ** This was to constitute a full discharge of 
all previous rents and services ** 

Although the terms of the act of 1663 seem clear enough when 
they are examined carefully, they were soon interpreted in conflict- 
ing senses by the home government and the colonists The usual 
British interpretation was that the duty had been granted to the 
Crown m return for confirmation of existing land titles and aboh- 
tion of irksome proprietary dues** Naturally the revenue could, 
from such a viewpoint, be disposed of as the Crown saw fit Or- 
dinary expenses of government, with the exception of the governor's 
salary, whch customaniy came out of the 4i per cent, should be 
met by other taxes ** The planters, on the other hand, maintamed 
that the entire revenue should be used solely for public purposes, 
particularly those enumerated in the act Only m case of a deficit 
were new taxes to be imposed To this interpretation Barbados 
clung tenaciously for 175 years, until the act was repealed 

Beer explams the conflict by declaring the law ambiguous which 
was due to the opposite, and not clearly expressed, aims of Willoughby 

^ Ads pMMd %n Ui« /stand qf Bar&odoes, ed R Hall and R Hall, 

Jr (London 1764), Act of 12tK September, 16^ The act received royal approval, 
with the exoeption of the exemption clause No exemptlCns at all were allowed 

— c 5 p , Cot , teei-es, No m 
s p, Col, lers-re. No 165 
Beer op ett , p 182 
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and the assembly Upon examination, however, the provisions of 
the act seem clear and di finite enough Rather should the contro- 
versy be explained by the inconsistency between the order in coun- 
cil of June, 1663, already mentionwl, and the arrangement made 
by the assembly in Barbados If in framing thf act the latter was 
aware of the existence of the order in council it ignored it, while 
the home government in its approbation failed to reconcile the diver- 
gent provisions of the two documents 

In the Leeward Islands wo find no question of interpretation or 
policy arising The several assemblies of St Kitts, Ncvls, Mont- 
serrat, and Antigua in the course of 1664 passed bills unequi\ ocally 
granting the export duty of 4i per cent in return for confirmation 
of land titles and abolition of proprietary dufs True, a petition 
from Nevis did rc(ia( sfc that forts and trwips be maintained out of 
the fund, but there v^ere no legal grounds to warrant expectation 
of acquiescence by the home government 

From 1663 to 1670, the year of the first farm, the levy was col- 
lected by the government, part of the time under the HU|)ervi8ion 
of the governor of Barbados and part of the time under the super- 
vision of Sir Tobias Bridge, commander of the West Indian regiment 
It was unfortunate for Barbados that the period after the voting 
of the 4i per cent was such a troubled one In tlu summer of 1664 
the Enghsh seixed New Amsterdam, and the strained relations with 
the Dutch finally developed into open war by February, 1665 In 
1666 Holland was joined by trance War with these two nations 
meant interruption of the Wejit Indian trade, fighting m the islands, 
and mcreased expenses for both the colonial and the home govern- 
ments Before the levying of the new duty had had an opportunity 
to develop and function in a normal way, the empire was plunged 
into war, which brought an abnormal strain on administrative and 
financial branches of the government Add to this the unpecuniosity 
of Charles II, due partly to his own ixtravagance and partly to the 
parsimony of Parhament, and we have perhaps found the key to 
what eventually developed into the maladministration of the 4J per 
cent duty 

» IHd 

” Higham, C, DwtHopment of ih$ Leeward lelandt under Re^hrati^ 
(Caml^dge, 1021), p 34, Beer, op eti, pp 180, 182 
C 5 F.CoLf im-eSt No 782 
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A certain amount of the proceeds was used during this period 
for defense againat the Dutch and the French The expenditure of 
£1,000 was authorized in June, 1664, to finish the great fort in Ja- 
maica Nevis asked that m its own territory forts and guards be 
maintained out of the 4J per cent Governor Willoughby desired 
to use the revenue from Barbados for forts and garrisons, in spite 
of the protests of the creditors of the Earl of C^arhsle,*® and there 
seems to be some evidence that he did so*^ But oven the entire 
revenue from this source was hopelessly inadequate to meet Wil- 
loughby*s expenditures of £100,000 during his administration “ 

The lack of funds involved the governor m a quarrel with the 
Barbados assembly in 1665 and 1660 A recalcitrant assembly was 
dissolved m 1666,** and a new one was called the next year m accord- 
ance with the king's instructions, for the consideration of the defense 
of the island The assembly refused to grant additional revenue, de- 
claring that the expense of protection should be home by the king 
out of the 4} per cent, as mtended by the act of 1663 Although 
the governor would not accept such an interpretation, the assembly 
stubbornly clung to its point, agreeing only to concede a loan of 
500,000 pounds of sugar, to be secured by the future revenue from 
the levy, adding, gratuitously, that all public charges should come 
out of the 4i per cent, which it considered ‘‘all that could be ever 
meant to be given or asked m any tunc by way of aid or other- 
wise " In spite of their protests the Barbadians, who probably 
overestimated the proceeds of the 4J per cent, which at this time 
did not exceed £6,000 annually,** were compelled to raise additional 
funds for defense of the island** Ihis is the first instance of the 
assertion of the pomt of view maintained by Barbados down to 
1715 

The Treaty of Breda (1667) brought relief to Barbados and the 

« C 5 P , CoJ , No 752 

» /M , No 737 
Ibtd , Noe 1017, 1018 

“ Beer, op at , pp 183, 184 Harlow (op at , pp 156-157) states that 
Willoughby was not permitted to toueh the 4| per cent for purpoeM of defease 
It seems hkely, however, that Willoughby did use proceeds for that purpose 
* Harlow, op at , p 188 
» /5td,pp 156-157 

** Harlow, op at , p 160, C 5 P Col , mi-68, No 1121 
«• C 5 P, Col, Nos 1151, 3632, 1633 

*• /bid Nos 1^,1676, Harlow op at,pp 161-164. 
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Leeward Islands, but the regiment of Sir Tobias Bridge, stationed 
m the West Indies, was henceforth to be maintained out of the 4i 
per cent Governor William Willoughby, nephew of and successor 
to Sir Francis Willoughby, complained in a report to the Privy Coun- 
cil m 1668 that even for this purpose the revenue was insufficient 
and that he was compelled to support himself from his own estates 
and credit ** 

In 1667 the assembly of Barbados petitioned the home authori- 
ties agamst restnctions imposed on trade of the island Free trade 
with Guinea for Negroes and with Scotland for servants was re- 
quested. It was also proposed that the islanders be permitted to 
export goods anywhere, provided it was done m English bottoms 
after payment of the regular Enghsh customs m Barbados This 
was a protest against the restnctions of the navigation acts, a pro- 
test which was to continue for a long time and which was closely 
associated with the 4i per cent m the minds of the Barbadians 
To this protest was added, m July, 1668, a request for the aboli- 
tion of the 4i per cent made by merchants and planters of Barba- 
dos resident m London, the first of a number to follow The king 
called a conference of a committee of the Pnvy Council with London 
merchants to consider the situation The merchants and the planters 
recommended that the free trade m Negroes and Scottish servants be 
permitted To this they added the suggestion that “the duty of 4J% 
which IS a great burden and gnevance may be removed or mod- 
erated and that what duty his Majesty shall think fit to continue may 
be collected at the customB house here Whereby the charge 
and vexation of collecting it m Barbados may be removed ” 
The first recorded formal protest from the government of Bar- 
bados appeared in a petition to the king dated 3rd August, 1668 
The duty was represented as a heavy burden imposwl by an as- 
sembly illegally convened, and the kmg was urged to ac cept a lump 
sum for its commutation If this was not acceptable, the duty 
should be collected in England, by “some reasonable rate on sugars “ 
The alternative request for a duty on sugar levied in England 
was made no doubt with the mtention of placmg all sugars imported 

Beer, op «<,PP 184-186 
M c -s ieet-ea, No isae 

» IM , No 1739 

w /6id., No 1769, Harlow, op etl , pp 194^193 
« C 5 P , Col, 1661-68, No 1816 
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into that country on the same basis with those from Barbados and 
the Leeward Islands As it was, these places could not compete 
m the English market with others which were free from the 4J per 
cent levy What the petitioners asked was m a sense only justice, 
since they were required by law to take their mam product to Eng» 
land 

The king had already seen fit to order the disbanding of the 
West Indian regiment after it had been paid off out of the 4| per 
cent,** but this order was countermanded two months later, July, 
1668, because of the delay m the French evacuation of 8t Kitta 
At the same time Bridge was ordered to take over the administra- 
tion of the duty and to maintain the troops out of the returns *• 
Willoughby, in a letter to the Pnvy Council which evinced his satis- 
faction at being relieved of the burden of responsibility, pointed 
out that the ca«t of the regiment would absorb more than the king^s 
moiety, leaving nothing for the other expenses, namely, the charges 
for the government of Barbados and for the debts contracted in 
its defense m the late war ** 

As Willoughby predicted, the moiety of the 4i per cent set aside 
for these purjxises was insufficient Complaints against the alleged 
misapplication of the revenue and a renewed suggestion for a duty 
on sugar levied in England were made in 1669 •• In April of the 
same year Bridge reported to the Pnvy Coimcil that the revenue 
produced in the previous eight and one-balf months had sufficed for 
only four months^ half-pay to the officers, two months' pay to the 
soldiers, and quarters for two months Additional expenses met 
were for some provisions for an expedition under Colonel Stapleton 
and, of course, the salanes of the collectors of the duty ** 

The administration of Bndge, as well as that under the super- 
vision of the governors of Barbados, had been emmently unsatis- 
factory Bndge had met hostility from the planters** and actual 
opposition m the collection from the deputy treasurer ** 

* Acl$ of the Prtvt/ CouncHf Cekmaol, Vol 1, Ko 775 (This title is hereafter 
abbreviated Ante cf P C ^ CoL) 

» /M , No 702 

« C 5 P, Col., nW/HJS. No 1864 

» Beer, op ei< , p 186, C 8 P , Col, 1699, Addenda, No 1118 The iug- 
geeted duty waa one <Al2d on mueoovadof and 2e dd on white augar per cwt 
« C A P , Col , 1661-^8, No 1761, ih%d , 1669-74, No 40 
** Harlow, op cit , p 104 
« Ace*o/P C, Cot, Vol I. No 832 
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The complaintB and difficulties incident to the administration of 
the duty from 1063 to 1670 are typical of the whole story down to 
1715 The planters, insistmg on their interpretation of the act of 
1663, protested repeatedly against the misapplication of the funds, 
and in their own minds considered the rostnctions of the naviga- 
tion acts m conjunction with the 4J per cent an injustice of the 
imperial system singling them out as the sole object among all the 
colonies Either alone might be supportable, but the combination 
was too much 

The failure of government admmistration of tiie per cent, 
apparent by 1669, led the Pnvy Council to authonze the farming 
of the duty The obvious advantage of receiving a fixed sum each 
year, in spite of the vicissitudes of the collection m the islands, was 
no doubt attractive to Charles and his advisors Accordingly, on 
322nd December, 1669, the 4§ per cent in Barbados was farmid 
to Robert Sjienfer, Sir Charles Wheler, George Marsh, and Ed- 
ward Cranfield for a period of seven years at an annual payment 
of £7,000 *• The king was to use the revenue to support the troops 
remaining in Barbados, make up their arrears, and jmy legitimate 
claims of those who had lost ships and goods in the late war 

The planters saw m this new arrangement a definite repudiation 
of the act of 1663 True, the 4J per cent had been in the past di- 
verted from the presenbed channels, but m 1669 it was impossible, 
m Ignoring the needs of the Barbados government, to plead the 
exigencies of war Governor Willoughby pointed out the dissatis- 
faction sure to anse from the new arrangement, maintaining that 
the former one was better, providing ‘‘at least enough to preserve 
Sir Tobias Bndge’s regiment from starving ” The officers of 
Bridgets regiment, fearful for their salaries now that the duty was 
payable at Westminster, asked that provision therefore be made 
out of the regular estabhshment of the treasury ** 

Feeling m Barbados against the farm ran high, according to 
Christopher Codrmgton, deputy governor m Willoughby's absence 
The assembly refuel to quarter the troops any longer and refused 
to vote the governor any money as a personal gift, although the 

** Itnd , No 881 It appears that there was at the same tune an offer ef 
£7,600 for the farm Bee tM., No 878 

« C 5 P, Col , No 285 

« Aot$ cfP C , Colt Vol I, No 896 The arrears in pay of the regiment at 
this time totaled 600,000 pounds of sugar 
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previous year it had given him 200,000 pounds of sugar ** In Janu- 
ary, 1671, the question of quartenng troops was still a problem m 
managing the recalcitrant assembly " 

About this time a commission was formed in London of gentle- 
men planters and merchants to represent the interests of Barbados 
in England In its personnel were such men as Sir Peter Colleton, 
Sir Paul Painter, and Ferdmando Gorges Protests of the islanders 
were transmitted to the government through this body In Decem- 
ber, 1671, It presented a protest of the assembly of Barbados against 
the famous proposal to levy a duty of 2} farthings on sugar m Eng- 
land and against the refusal of the commissioners and farmers to 
spend any of the 4i ptr cent for government of the island ** 

These representations seem to have had some effect, as is in- 
dicated by the mstructions to Wiiham Willoughby, issued in 1672 
Back debts due out of the 4i per cent, totaling £37,566, were enu- 
merated In the future the h/arl of Kinnoul was to receive certain 
speuhed annuities Willoughby was to meet both these charges 
from the 4i per cent, but was to treat with the assembly for the 
abolition of the duty, as it “seems very burdensome,^ ^ and to sub- 
stitute a new form of revenue which was to pay these charges and 
provide £4,000~£6,000 a year for the support of the government 
Meanwhile the farmers were to turn over £800 quarterly for current 
administration m Barbados It seems that Charles and his com- 
mittee of trade and plantations were making an honest effort to 
administer the duty m an equitable fashion and to meet just claims 
and obhgations out of it ^ 

The proposal to subsftitute another fonn of revenue for the 4§ 
per cent came to naught,*^ but the assembly did agree in 1673 that 
for the duration of the Dutch war the king might dispose of the 
revenue as he saw fit ** 

In 1676 Governor Atkins brought on his head the wrath of the 

^ C S P t Colt 1869-74, No 171 Sugar at this time m Barbados was 
worth 12a 6d per cwt ^ Ibid., No 38$ 

** Hariow, op VP 203-206. C S P,Coi, im~74» Nos 671, 674 
^ C S P, Col, 1669-74, No 846 

** ItnfL, No 545, Acts oj P C , Col , Vol 1, No 000 Oldmixon states that 
Charles was assigning pensions from the 4| per cent to favontes and others, but 
we ean find no evidence to substantiate ti^ ohargo — J Oldmixon, Tht Bnitsh 
Smpift tn Amnoa (London, 1708), 11 28 ^ C 8 P,€(A, 1669-74, No 1027 

^ /bid , No 1098 Protests from planters bearing the old grlevanoes oon- 
tinued to appear during this year, however 
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lords of trade and plantations by danng to transmit a protest from 
the assembly of Barbados against the enumeration clause of the 
Navigation Act of 1660 ** He was also reproved for criticizing the 
Royal African Company and the administration of the 4J per cent 
The hostility of the islands to the duty at this time was enlivened 
by the controversy over the weighing of the sugar casks by the col- 
lectors of tlie customs,*" and by the act of the assembly of Barbados, 
passed in 1075 and again m 1679, providing for the refund of the 
4i per cent paid on cargoes subsequently lost at sea Ihe practice 
of weighing stopped in Barbados only when the interests of the 
farmers were safeguarded by an act of the assembly defanitely es- 
tablishing by law the dime nsiona of the vanous casks The Privy 
Council would not permit the statutes providing for refund of the 
4J per cent and persuaded the king to annul them “ 

The farm of 1670-77 had proved defimtely unprofitable to the 
farmers and unsati'^factory to both the islanders and tin home 
authorities The duty return was not sufficient to produce the 
amount of i7,700 per year, including m the reckoning the rent of 
the leeward Islands^ farm ** The same iS true of the second farm, 
1677-84, even though the rent was redacted to i6,300 per year, for 
both the Leeward Islands and Barbados *♦ In the final rec konmg 
m 1684, £53,900 was due the government from both farms Of 
this amount, only £21,000 had actually been paid m The treasury 
claimed £10,481 of the balance after allowing certain deductions to 
the farmers Even from this sum the latter requested a further 
remittance of £4,800 ** 

Faced agam, in 1684, with the failure in the collection and ad- 
ministration by the farm, the treasury decided to assume the man- 
agement of the troublesome duty and continued to do so thenceforth 
Unfortunately, the mere change m administration did not and could 
not solve the questions at issue The fundamental controversies 
and difiTerences disappeared only with the repeal of the navigation 
acts and the abolition of the 4i per cent duty itself m 1837 
Uaivansirr or Miceuoax 

« c s p , Coi . iw-ra. Noe an. 812. me 

For the ooatrovewy over the CMka $ee C & P , Col , 10&9-74i No W9, 
, xm-re, Noe 714. 1096, ilaA. XeSfSSS, No 624. Beer, op ot( , I 188-1^0 
A<!<i trf Barbadoet Act of 16th April, 1676 
« ActoqfP C.Cof, Vol l,No 1298 « C 5 P . Coi , No 1029 

^ Beer, op otf , p 188 ** IM 




THE INFLUENCE OF THE DREYFUS AFFAIR 
ON THE POLITICAL DEVELOPMENT 
OF FRANCE 

RUDOLPH A WINNACKER 
I 

T he Dreyfus Affair is usually considered a turninR point in the 
history of the Third French Republic In the opinion of many 
the suioesa of the Dreyfusards marks the final victory of the idtals 
of the French Revolution over those of the Aiicten R^ime ^ Siuh 
an important result seems to induate that a political revolution 
took place in France dunng the years 1898-99 The facts, however, 
do not bear out this conjecture Neither an electoral victory nor 
a fundamental realignment of parties made the aiu cess of the Drey- 
fusards possible The Dreyfus Affair merely sjieeded up a move- 
ment m French politics w^eh had been gathering force since the 
beginmng of the last decade of the mneteenth century 

The election of 1893 marked the first great rr publican victory 
since the establishment of the Republic * Only seventy-eight Mon- 
archists and Boulangists were elected as opposed to five hundred 
and three supporters of the republican form of government This 
largo majonty, however, was not homogeneous After a penod of 
tnal and error which furnished five ministnes between 1893 and 
1895, it split into two parts one m favor of a conservati\ e republic, 
the other supporting a radical pohoy The latter was by far the 

^ Reoouly, R , La Troiat^nM Jliput)Uqu« (Paris, 1927), p 176, Thibaudot, A , 
La R4pMique des profeueurM (Fads, 1927), p Clauss, M , Das pahUscKe 
Frankrstch vor dem Krtegs (Karisruha, 1928), p 16, Soltau R , French PMuxU 
fkcstifhl in the fftneUerOh Ceniury (New Haven, 1931 ), pp 346-869 

• The election of 1871 wee a Monarchist victory, those of 1876 and 1877 
stiU gave over one third of the votes to the Monarchists The election of 1861 
appeared as a republican victory only because of the abstentions of the vot^ 
of the Bight, an impression which was quickly corrected in 1886 In 1889 w 
repuhUeans were mer^ able to bold their own against the combined forces of 
B^langism 
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weaker It was able to control the government for only six months, 
from No\ ember, 1895, to April, 1896, when it gave way to an al- 
liance of the conservative forces under Moline, who kept his ma- 
jority together until after the eUctions of 1898 The composition 
and the policies of these two political combinations must be ex- 
plained, for they represc nt the divisions which arc usually considered 
the result of the Dreyfus Affair 

The mam strength of the conservative forces came from the 
repubhean group, known as Progressist * The deputies of this group 
were satisfied with the Republic as Thiers had established it, a mon- 
archy without a king, an individualistic, anitHaltste regime of the 
upper (lasses, opposed to social legislation N% livolutimty nt r^oc- 
tion was their slogan To safeguard the conservafci\e Republic they 
worked for the conversion of Monarchists and Catholics to repub- 
hoamsm by a policy of apaisement They hoped tliat with the help 
of these ralhSB a conservative majority could be established which 
would liberate them from the annoying alliance with the Radicals 
Though some sixty members of the group had their doubts about 
the sincerity of the new converts, most of them followed M6hne 
from 1896 to 1898, when this pnme minister put into effect the 
conservative policy called the e»pni nouveau < 

The opposing faction was known as the Umon of the Wts, com- 
posed of the Radical, the Eadical-Sociabst, and the Socialist groups 
The Radicals traced their pohtical pedigree back to Qainbetta^s 
program of Belleville, proposed m 1869, but as realists they saw 
the impossibility of gathenng a majonty in the near future to real- 
ise such reforms as the separation of State and churches, an income 
tax, the election of judges and other civil servants Consequently 
they were eager to cooperate with the Progressists wlienever possible 
in dividing the spoils of office The Radical-Socialists, on the other 
hand, acted as if they believed m the Belleville program They re- 
fused to (compromise with the Progressists and considered themselves 
the spiritual hems of the Jacobins of 1792, claiming to be the 
prophets of the democratic, laical, and fraternal repubho of the fu- 

‘ In order to avoid confusion the name ProgroMiet will be used throughout the 
text to designate these conservative republzoans, though it was not adopted by 
the group until 1898 

* An excellent summary of the two tendencies within the Progreeslst group is 
given by J M^hne, '^Les Partis dans la lUpubhque,*' itssue ei porlsmsa- 

iatre, Vol 23, January 10, 1900 
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ture ‘ The third group in this union consisted of various factions 
sailing under the flag of sociahsm Temporanly discouraged by 
the fate of the Commune of 1871, tliese champions of the proleta- 
riat hod gathered by 1890 a new feeling of hope and courage, based 
on the gospel of Marx and the memories of Babcuf, Louis Blanc, and 
Blanqm * 

rhe election of 1898 i^as to test the strength of these two al- 
liances Since the Dreyfus Affair was still in its early stages and 
played only a minor part,^ the great issue was between conserva- 
tism and rodualism The result, however, was far from decisive 
Neither the Progressists nor the Union of the Lefts could muster 
a majonty in the Chamber of Deputies * The importance of the 
election, therefore, does not appt^ar in the actual election returns 
It 18 to be sought m the attitude of the two groups at the extreme 
right and left of parliament In the first place, the hostihty of some 
Monarclusts toward their recent allies, the Progressists, had resulted 
m the defeat of two of M^hne’s ministers and nearly twenty of his 
followers • Secondly, the Socialists, by tacitly accepting Millerand’s 
famous nunimum program of St Mand4, had last the stigma of rev- 
olutionism and taken their place m the parhamentary republic as 
a party of reform Thus the foundations had been laid for a future 
alliance between the deputies of the left wing of the Progressist 
group and the Union of the Lefts The former, who had been un- 
decided whether the Monanhists or the Socialists presented the 
greater peril to the Republic, now had grave doubts regarding Mf*- 

* On the evolution and spirit of the Radical partj see Maurice, G , Fartt 
Hadteal (Paris, 1929), Alain, ^iUmmU dune doelrtne radtoale (Paris, 192fi), 
Harriot, E , Seignobos, Ch , and others, La Pohttoue ripubltquatne (Paris, 1924) 

* For the history of Sooialistn see especially Hteioire dea partu aoeuUtaies «n 

Fmnes, edited by A Z4va4s, 12 vols (Pans, 1911 23), Weil, G, H\9to%redu 
mciiPment aoctal $n Pranoe, (Pans, 1924), Louis P, HtaUnre du 

socuthms en Francs (Paris, 1926) 

* Fronod was stfU overwhelmlnifly anti-Brsyfusord m June, 1398, and con- 
sequently the Nationalists locked the necessary opposition for a great electoral 
campaigcT 

* The Progressists and their conservative allies could count on Ert>out 357 votes 
In both the last and the new legislatures. However, future events showed that 
the vacillating votes of the left-wing Progressists had increased from 63 to 85 
These results are derived from the author’s own statistics based on the votes of 
the dwtttiee in the Chamber 

* Lachopelle, G , Ls ilfinui4rs Mikne (Paris, 1928), pp 176-181 

DanM, A , V Annie poUhgue^ 1895 (Paris, 1897), pp 305-210, Orry, A 
Lu Socudutee indipendenU (Paris, 1911), pp 18-32. 
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hne’a ettpnt nouveau policy and looked upon the Socialists as less 
dangerous to the bourgeoisie than before 

This result of the election became evident as soon as M^hne faced 
the new Chamber On Juno 14, 1898, the deputies approved the 
general policy followed by M^hne during the past two years by a 
majonty of twenty4hree, but at the same time passed a resolution 
calling for a cabinet “supported exclusively by republicans “ Since 
the majonty on the first vote had included over eighty Monarchists 
and Kallids, Moline was forced to resign All attempts to create 
a cabinet based on the cooperation of Radicals and Progressists 
failed The animosities created dunng the electoral campaign 
were too deep to be forgotten immediately Something approaching 
the two-party system seemed to be in formation m France, as the 
Progressist M^bne was succeeded by a cabinet of the Union of the 
Lefts, headed by Bnsson This change m the government of France 
was made possible only by the vacillations of nearly forty deputies 
of the left wing of the Progressist group who first had supported 
M^hne, but who later cast their lot with the groups of the left “ 

It appears from these events that even before the Dreyfus 
Affair threw France into turmoil the French parliament was divided 
into two hostile camps Therefore, the hloc of the Lefts ought not 
to be considered a product of this crisis, since a similar pohtical 
alliance was m existem e dunng the years from 1895 to 1898 Like- 
wise, the Progressist group, which practically dismtegrated dunng 
the critical days of 1899, had in fact started its decline immediately 
after the elections of the previous ye^r In other words, the final 
political result of the Dreyfus Affair was not the break-up of the old 
political alignments, but the reinforcement of existing divisions 

II 

When Bnsson came to power very few people doubted the guilt 
of Dreyfus The prime minister himself had promised the sup- 
pression of the Dreyfiisard agitation The discovery of the faux 
Henry f however, and the consequent suicide of Colonel Henry on 
August 31, 1898, prevented the execution of this program Overmght 

“ On the efforts of Rlbot, Samen, and Peytral to form a ooneentration 
oabinet see L« Tempe, June 10, 23, 26, 27, 180^ 

^ Ail ststsmenU In ragaid to votes ore derived from the author’s anal}^ of 
these votes m given in the Journal iiigieUL 
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fche Dreyfusards grew from an insignificant group of idealists into a 
great national party Jews, Protestants, anticlencals, intellectuals, 
hostile to the unreasoning faith and blind obedience as practiced by 
many m the Catholic Church, cooperated with smeere republicans, 
afraid of the growing influence of the military power over the civil 
government In their opinion the fact that one document offered as 
proof of the guilt of their client had been fabricated threw a doubt 
on the authenticity of all the other documents Consequently a 
revision of the Dreyfus case was necessary Opposed to this revision 
were most of the patnotic elements m the nation army officers de- 
fending the honor of their profession and of the military courts, 
the Cathohe clergy and its devoted flocks trying to sustain the 
power of the last remnant of their friends m the governmental service, 
Monarchists hoping to fish once more in troubled waters, auti- 
Semites and their rowdy city mobs fighting to justify their existence, 
quiet, patnotic citizens unable to believe that a cause supported by 
the leaders of the army could be wrong, members of the middle class 
feanng the growth of the radical and revolutionary forces m the oppo- 
site camp This formidable array of forces, htld together by conserv- 
atism and patnotiam, presented probably the greatest potential 
danger to the Third Republic since the ontical days of the ^seventies 
Nobody could remain neutral m this great struggle, least of all 
the government The prime minister Bnsson was well aware of this 
situation and realized its consequences To reject the request for 
a revision of the Dreyfus case meant the loss of many Socialist and 
Radical votes To accept it meant the hostility of the Nationalists, 
who were a necessary element of the government’s majonty The 
cabinet was doomed no matter what it did Confronted with this 
situation Bnsson decided to take his stand with the Dreyfusards, 
hoping for a union of the republican forces The Progressists, 
however, were as hostile as ever Even the resignation of three 
ministers of war made them forget their political animosities toward 
the Radicals only temporanly *• Consequently the Bnsson cabinet 

Tha minister of war, Cavaignao, had nationaliet leanings and refused to be 
a member of a revisionist cabinet His successor, General Zurlinden. studied the 
doeumeats for two weeks and then announced his conviction of the guUt of 
Drsyfoa The third minister wae General Chanolne, who abstained from voting 
on questtons relating to the revision, but suddenly resigned on October 2ft, 
in the midst of the delate on the Dreyfus case This rather disloyal Incident 
foroed the Progresstsls to vote for Brlsson, but at the reopening of the disoussum 
they Were free to express their true sentiments 
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was defeated on October 25, 1898, by a vote of two hundred and 
ninety-flix to two hundred and forty-three 

With the fall of Bnsson the days of the two great coalitions of the 
right and the left were over The loss of the Nationalists within the 
Radical group and the desertion of some Moderates had changed 
the Union of the Lefts from a majonty into a mmonty party, while 
the nght wing of M^hne^s former majonty was too deeply involved 
m the recent anti-Semitic and antirepubhcan agitations to become 
once more the allies of the (onservative, but republican, Progressists 
Consequently a government of the center, including both Progress- 
ists and RaduAla, was the only possible solution For this task the 
president of the Republic chose the Progressist Charles Dupuy, a 
clever but vacillating politu lan Though he was hardly the man to 
cope successfully with the present difficulties and had favored the 
Progressists in the division of spoils, most republicans decided to give 
the cabmet a chance to prove its worth For the first tmw m five 
years Radicals and Progressists voted together on a 4lltWa] occasion 
This sudden codperation of the two great republican groups failed, 
however, to develop into a firm alliance Below the surface the old 
antagonisms continued Dupuy was forced to please sometimes the 
Radicals, sometimes the Progressists, and m the end he pleased 
neither ** But it was the cabinet itself which brought about its own 
nun by committing a senous pohtical blunder Dupuy listened to 
the criticism of the Nationalists against the criminal chamber of the 
Cour de Cassation and transferred the request for the revision of 
the Dreyfus case from this court to one composed of all the divisions 
of the Gout de Cassation Tliough the prime minister was able to 
have this measure passed by psrhament on February 10, 1899, 
this date marks the begmning of the future bloc of the Lefts 

The gravest political consequence of the law was the schism 
created within the Progressist party Most of the leaders of the 
group, except M41me, openly disapproved the government’s actions, 
which interrupted the due process of law and seemed to justify the 

“ Keinach, J , (fe VAj^latre Dreufraf IV (Faria, 19(W) 851-856 

u te T»mptt November U, 12, 23 December 21 18^ 

** The Cour de CaMaUon la divided into three divlaiona a criminal chamber, 
a court ol petitions, and a civil oourt , 

The vote wa« 828 to 208. On this oocarion the miniater of juatloe, Lebret, 
gave hia famous advice to the deputies ** Bogardes dans vos oiroonaoriptlons '* 
— Daniel, op eU , 1809 (Paris, 1^), p 63 



471 


Influence of the Dreyfus Affair 

attacks of the Nationalists ** At the samt time the Union of the 
Lefts was resurrected Radicals and Socialists, ivho had vottd on 
opposite sides since the creation of the Dupuy ( abmet, discussed the 
government’s bill at a common reunion and detided to vote against 
it Moreover, the di8satihfi<vi Progressists joirud with the Union 
of the Lefts to publish a common manifesto agam^^t the cabinet’s 
actions In other words, the apparent influence of the Nationalists 
on the government had created a republican coalition for the defense 
of the established institutions 

This new alhanct was fostered by the events of the following 
months The death of Fl^hx Faure, the president of the Repubht, 
was in itself an incident of only average importance, but it became 
an event of national significance through the necessity of (hoosing 
a 8uc< essor Progressists and Radicals, Dreyfusards and anti-Drey- 
fusards ( onsidcn d the choice of a new president of utmost importance 
to their cause Unfortunately for the Progressist group the National- 
ists and the Monarchists rallied to the 8Upp<irt of its candidate, 
Mdhiie, thereby making the conservative repubheans ajipear as the 
fnends of the forces of rt action At the Same time the Union of 
the Lifts obtaint d a new ally by combnung with the majority of the 
Senate to elect fSmiie Loubet, the president of the upper chamber 
The violent attacks of the Nationalists against the new president 
of France and the quixotic attempt of D^roulMe to overthrow the 
parliamentary republic ^ increased the strength and the popularity of 
the new alhos, who now could claim to be the true defenders of the 
Republic 

The final disintegration of the Progressist majonty was brought 
about by the events followmg the decision of the Cour de Cassation 
on June 3, 1809, to permit a revision of the Dreyfus case The un- 
daunted Nationalists refused to oonmder their cause lost In fact, 

Reinftoh, op , p &42, 1j$ T^mpa^ February 10, 11, 1899 
Daniel, op cU , p 32 

** The manifesto may be found in full in Daniel, op cti , pp 09-72 

« Rcinaoh, op , IV M7-568 

“ The mysteries of this attempted coup d*6Uti have never been completely 
cleared up Its final execution was so ehUdish as to deprive it of all serious con- 
sidevation Still, if only a part of the legend which surrounds this incident is true 
ihe existence ol the Republic was certainly seriously endangered at the time 
Tharaud, J and J , Vw tnerf do Okovd^ {Pans, 1925), p 117, Harris, 
SchM ot <helnne8 du naUonaUsm (Pans, 1902), pp 220-271 , Afes CoAfCrs, 
U (Paris, 1930), p 06 
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they redoubled their efforts to “save the army and France from 
the death gnp of the Jewish syndicate “ On June 4 they booed and 
hissed the president of the Republic, and a cano-swinging Monarchist 
e\en attempted a bodily attack upon Loubet Dupuy's failure to 
provide for th( safety of the chief executive did not, however, result 
in the immediate overthrow of the cabinet The clever prime min- 
ister merely issued a number of decrees against the Nationalists, 
whose violent attacks against the government forced the groups of 
the licft to vote for the cabinet 

The oppmients of Dupuy, however, were not to be defeated so 
easily To organize their attack they formed a Committee of Re- 
publnan Defense composed of representatives not only from the 
groups of the Union of the Lefts, but also from the repubUcan groups 
of tlie Senate *• Moreover, the indefatigable Sociahsts called out 
the proletariat of Pans to salute Loubet at the fashionable Long- 
ihamps races on June 11, 1899 This repubUcan demonstration 
create d^a hopeless dilemma for Dupuy Special measures of pre- 
caution would certainly be considered an insult by the republicans, 
while the lack of sufficient police protection might lead to senous in- 
cidents Dupuy chose to play safe, but unfortunately for the govern- 
ment no incidents occurred to justify the presence of two regiments 
of infantry and twenty squadrons of cavalry at Longchamps 

The interpellation of the Socialists on the “insulting measures 
of precaution against the true defenders of the Republic “ gave the 
disgruntled republicans a chance to show tbeir true opinions None 
of the resolutions approved by the government obtamed a majonty 
A motion calhng for a cabinet “resolved to defend the republican 
institution With firmness and energy’* was passed by two hundred 
and nmety-two votes to one hundred and sixty-five Dupuy’s vac- 
illations had led to his downfall and at the same time to the dm- 
mtegration of the Progressist party Fifty-mne deputies, more than 
a quarter of his own party, had voted against Dupuy In the general 
poUtical chaos which the Dreyfus Affair had crated the Umon of the 
Lefts stood out as the potentially strongest factor 

III 

The fall of Dupuy opened the most important ministerial cnsis 
in the twenty odd years of the existence of the Third Repubhc The 
** Le Temp$t June 9, 1699 
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events of the last few months seemed to inchoate that the solution 
of the crisis lay m a government of the left, but the Dreyfus Affair 
had raised the passions of the opposing factions to such a pitch that 
a nonpartisan government seemed more likely to survive the crisis 
The retnal of Dreyfus was bound to increase the excitement Not 
only was a strong leader needed to steer France through this period 
of storm and stress, but the conditions also demanded an unusual 
amount of political sagacity among the deputies of the Chamber 
Conservatives and radicals would have to forget their differences 
temporarily The time for the usual di< kenng of offici h and sixjils 
had passed The groups which showed the greatest wisdom and unity 
at this time would inevitably be considered the saviors of France 

As the man best fitted to overcome the present and future troubles, 
the president of the Republic chose the Progressist senator Waldeck- 
Rousseau The latter, however, insisted that the thirty-eight-year- 
old Raymond Poincar^ should make the first attempt at solving the 
crisis “ The young Progressist negotiated for six days, but his de- 
sire to keep his own party in iiower led to his failure The Ratiicals 
were promised only two mmistnes Even the present complications 
could not turn the deputies of the left into political ascetics Wal- 
deck-Rousseau was the next to try his hand, but this time the sena- 
tor’s own party prevented a solution of the crisis The Progressists 
refused to agree with Waldeck-Rousseau m considering the Repub- 
lic sufiiciently endangered to justify the inclusion of the Socialist 
MiUerand in the cabinet By constantly increasing their demands 
for guarantees against the Socialists they finally turned a states- 
manhko conception into a failure*^ Two more days were \ia«ted 

** lUuminating details on the whole period of Waldeck-Houaeeau’s miniatry, 
not used by J Hemach in hla standard work on the Broyfus Affair, can be found 
lb the private papers of Waldeck-Rouseeau, published by U l^eyrot m Le Maitn, 
February 4 to March 13, 1911 For the information above see Waldeok Rousseau, 
R , “Notes," Le itfolin, February 6, 1911 

* Le Tempe, June 16, 17, 18, 1899 

•• Reinaoh (op «i , V [1907] 162) claims the credit for suggesting MiUerand 
M a minister and for convincing Walde^-Rousseau of the necessity of such a move 
However, the more orthodox Poinoard had turned down the help of the Sooialiste 
a few daye earUer See speech of R Poineard at Nancy, Le Temp$t May 14, 1001 
Walde^-Rouseeau, "Notes," Le Maitih February 6, 7, 8, 191 1 The atti- 
tude of the Progreesbts is weU represented by the editorials of Le Temps, which 
spoke of the "critical hours of the RepubUo" and possible revolution only as long 
as the SooialisU were not involved in saving the endangered Republic Oompare 
Ls Temps ol June 17 with the issues of June 19 and 21, 1809 
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in trying to find a Radical to take the leadership^ but to no avail 
The Radicals, usually only too anxious to replace the Progressists 
in the govermntnt, were loath to assume responsibility at the pres- 
ent critical hour ** It was after these none too savory developments 
that Waldeck-Rousseau performed his ^‘leap in the dark 

On June 22, 1809, he formed a cabinet without consulting his 
own party, the Progressists Impressed by the senousnese of the 
crisis and sick of the system of mutual guarantees and petty bick- 
enngs, he gathered his collaborators from the four lomers of the 
political honzon Not only did the cabinet include the Socialist 
Miilcrand to enrage the Progressists, but its minister of war was 
no other than the Marquis de Galliffct, the butcher of the Commune, 
hated by the Sociahsts more than any other general in the hrcnch 
army Moreover, the Radicals, who were expected to furnish more 
than half of the majonty, had to be satisfied with only two out of 
eleven ministerial positions The cabinet seemed to ha\ e been formed 
purposely to U st the self-denial of the republicans 

Under these critical circumstances the groujis of the left showed 
the greatest cohesion Ihe Radicals and Radical-Socialists decided 
to vote for Waldeck-Rousseau in spite of the unfavorable division 
of spoils, for the failure of their so-called leaders to attempt Solu- 
tion of the crisis had left them no other choice Among the Social- 
ists, however, the new cabinet created the deepaflt divisions Jaur^ 
and hi8 twenty-five followers were willing to mpifiort Waldeck-Rous- 
seau for the sake of the Republic and m the hope of future social 
legislation To Guesde and the remaining Sociahsts, on the other 

** Briaioa pleaded aiokuess and Bourgeoia claimed that bis work at the 
Hague Peace Conference wae of greater b^efit to France than any service he 
might render aa prune minleter! — Daniel, op ctl , pp 222-223 

*• Waldeok-Rouaeeau, ** Notea,” Le Maixny February 9, 1911, Ribot M A , 
PiMcourg pohi%que»t 1 (Fade, 1906) ii The actual danger to the Republican m- 
atitutiona in 1899 » atUl a matter of controversy Its exiatence or nonexistence 
justifies or oondemna the Waldeck Rouaaeau combination The opinion of thoae 
who did not beUeve in the danger of 1899 was more or leas vindicated by the 
subsequent course of events But what might have happened to France without the 
firm directiott of Waldeck-Rousseau is another one of those great historical ^ifs ” 

" Le Tempfif June 25, 27, 1899 In the Radioai-doolaltat group the dedsioD 
to support the new oabmet resulted m the resignation of its present, C Pelletan, 
and four of his followers As author of Xm Setnaxne eonglanU Pelletan could hardly 
be expected to vote for OalUffet, whom he had denounced as the most blood- 
thirsty general of the Commune 

" On Jaurfts' actions leading to his final approval of the cabinet see Reinaeh, 
op ort V 162-177 
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hand, Millerat>d'a appointment represented merely another attempt 
of the capitalists to disarm the proletariat, and therefore the new 
government did not deserve, even m this ormts, the approval of the 
true disciples of Marx ** 

Thus Waldeck-Rousseau could count on nearly two hundre d votes 
from the Union of the Wts, at least eighty more were needed to 
assure the defense of the Republic, and these had to tome from 
Waldeck-Rousscau^s own group, the Progressists The united sup- 
port of this group would have freed the prune minister from a too 
great dependence on the Radicals, but such a far-sighted policy the 
Progressists were unable to adopt ** Some were Dreyfusards, others 
anti-Dn yf u wds Some considered the Sonahsts the greatest dan- 
ger to France, others the Monarchists and the Nationalists Conse- 
quently when Waldeck-Rousseau asked the Chamber of Deputies 
for its confidence on June 26, 1899, only eighty-six Progressists voted 
for him, while one hundred and two opposed him and thirty-one 
abstained from voting Still this split among the Progressists was 
large enough to sav< the new cabinet from defeat Its vague pro- 
gram of “Republican Defense," cofiiierationr, and pacification was 
approved by the narrow majority of tw( nty-four votes ** 

With this slight margin of safety Waldeck-Rousseau entered upon 
his task of roestablisluug order m France By arresting twenty- 
three of the most prominent Nationalists he deprived the antire- 
pubhean forces of their leaders ” The Dreyfus Affair was temporarily 
liquidated in a manner which satisfied neither the Nationalists nor 
the Dreyfusards and consequently was probably the best solution 
for the internal peace of France “ Galliffet restored the disciphne 

** The diasenters later published a manifesto denouncing their former com- 
rades — Weil, op , P 317 

** A meeting of the group, called by M^ine, voted against the ‘‘Socialist 
Ministry **^Le Tempt, June 24, 25. 27, 1899 

•* Two hundred and sixty-one deputies voted for Waldeck-Rousseau, 2S7 
against him Some observers olalm that the Radical Brisson saved the cabinet 
by giving the Mason sign of distress to his numerous brethren in the Chamber — 
Hal4vy, D , JjuUea et probi^mee (Paris, 1911), p 80, Reinaeh, op etf , V 192-193 
* ^oe only three of the acoused were convicted of oonsi^ng to overthrow 
the Repubho, Waldeck-Rousseau's actions were severely ontioised — Oochm, D , 
“Vues poUtiques," Nowetle rsrus, October 15, 1809 For a defense of the prime 
minister see ^Inaoh, op cat , V 258-268, 808-813, Y1 206-228 

** JCheyfus was again oonvikited of treason, but the judgee, with an illogieajity 
hardly ever equiUed, granted the **traitor^^ extenuating circumstances Con 
denmed io ten years Instead of life Impnsomnent, Dreyfus was immediately 
pardoned by tJie president of the Republic 



476 Rttdolph A Wtnnacker 

m the army*^ By November, 1896, the cnais had been met suc- 
cessfully But did the re^tabhshment of temporary order end the 
task of Waldeck-Rousseau? Was not the government of Repubh- 
can Defense duty-bound to prevent any possible recurrence of the 
late troubles? Waldeck-Rousseau felt that the answer to the latter 
question could be only m the affirmative 

The periodic attacks against the Repubhc in 1877, 1889, and 

1899 had involved the same piohtical and social factions the Church, 
the army, and the civil service It seemed obvious that these peren- 
nial enemies of the established institutions had to be rendered harm- 
less or trouble was bound to occur again The rcpublicamzation of 
the army, a change in the procedure of military courts, a now pro- 
cedure in the recruitment of civil servants, all these measures seemed 
necessary to assure the safety of the Republic Abo\e all, however, 
it was the Church which claimed the government’s attention For 
the third time it had supported the antirepubhcan forces almost 
unanimously The destruction of the educational and political 
power of the clergy seemed to be a prerequisite for the mtemal 
peace of France It was a program inspired by these ideas that 
Waldeck-Rousseau decided to adopt** This decision was to in- 
fluence the political hfe of France for the next ten years 

To the pohtical parties m the Chamber the prune muiister's 
new program presented new and serious difficulties To vote for a 
government of Repubhean Defense m a senous crisis was a simple 
matter compared to the question whether or not to support a govern- 
ment of Repubhean Attack over a number of years *• The Radicals 
and Radical-Socialists were still chagrined by their underrepre- 
sentation in the cabinet, but they realised that they did not possess 
the necessary majonty to form their own government Moreover, 
the cabinet’s new program was enough hke their own platfonn to 
deserve their full support, and they could desire no better adver- 
tisement than the endorsement of the formerly conservative Waldeck- 
Rousseau ** In the Socialist camp the schism created in June, 1899, 

Daniel, sp al . pp 294-297, 311, 815 
** Journal ChatinJrro de» ZMptiUf, J>Ma, 1899, pp 1816-1819 
* Hardly anybody had expected WaldMk-Rouiseau to etay in office beyond 
the duration of the oiiaie. 8 m La Tomp$, June 24, 1899, hUrman. L , '*Vuee 
polftiquet,’' KamoUe remie, October 15, 18^, Ribot, op cU , p tii 

^ Speech of O Donmergoe, November 10, 1899, Journal Ch€Wibro de* 

DipuUo, DibaU, 1899, pp 1857-1868, De Coubertin, P, Chroniqua da Franca, 

1900 (Parle, 1901). p 62 
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continued, but even the **pure" Socialists were willing to support the 
social reforms of the cabmet, though reserving their freedom of 
action on any issue conflicting with Socialist principles** Thus 
the government could count on the support of the entire Union of 
the Lefts, aliout two hundred and twenty votes, for the realization 
of its program 

Among the political groups the Progressists were faced with the 
greatest dilemma 1 hough the majority of the ministers were af- 
filiated with this group, the program of the cabmet was contrary 
to the pohey followed by the Progressists for two years under Moline 
After having fought and denounced the Socialists, they were now 
asked to accept them as their allies They had hoped and worked 
for the conversion of the Monarchists and the (catholic clergy to 
rcpubhcanism, and now the latter were to be iiersecuted M61ine 
and one hundred and twenty of his followers were unable to make this 
change To them the Dreyfus Affair had merely proved the weak- 
ness of the antirepubhcans, who, if only let alom , would die a natural 
death ** More and more Progressists, however, agreed with Waldeck- 
Eousseau that the recent events necessitated a new pohey Fver 
since the elections of 1808 deputies had been leaving the Progressist 
group, some were impressed by their electoral expenence, others by 
the revelations of the Dreyfus case, which had shown the extreme 
conservatives as mveterate enemies of the Republic ** All of them, 
however, realized that their chances of rcelection would be enhanced 
by obtaming the support of Radicals ** These Progressist dissenters, 
numbering over eighty m November, 1809, were to be the main Mup- 
port of Waldeck-Rousseau 

Consequently, when the Chamber of Deputies approved Waldcck- 

« VivUni, R., *'Par Je socifthsme,” Rtmte pohttque et parlemmtatrf^ Vol 
XXlll, Febru&ry 10, 1000, Lafargue, P , Le Soaidisnu et la eonqufiU de9 pinwotn 
piMct (me, 1800) 

^ M41me M cited in iiote 4, eoe aleo the attacks of Mdline against Waldeck- 
Bouaaeau, JU TempSt Septemlw IS, 23, December 24, 1800, and the speech of 
Krauts, president oi the Progressist group, Le Tempts March 8, 1900 

** Of Letter of Ch Jonnart to M4Une, Le Figaro^ September 24, 1890, 
Rtieime, R , San truer* cofonfofs, 1881-1906, Discaur* d ient» dtvers (Paris, 190Q), 
pp 336-346, Wallier, R., U 1901 (Paris, 1002), pp 344- 

^ Most of these supporters of Waldeck-Rousseau came from the north and 
the west of France, where the strength of the conservative forces had made the 
deputies the leaders, not of a repubhean faction, but of the whole republican party 
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HouHseau's program on November 14, 1899,^ the political conse- 
quences of the Dreyfus Affair became clear The stage was set for a 
"New Deal” in French poUti < b through the emergence of the Union 
of the Lefts as the controlling factor within the French parliament 
In existence ever since the first years of the decade^ this alliance of 
Radicals, Radical-Socialists, and Socialists had grown from a minonty 
into a majonty party through the adhesion of the left-wing Pro- 
gressists This new combination was to be called the bloc of the 
Lefts, and its leaders were to be in power for the next ten years 

UNiVKHsrrr or MicmoAN 

« The vote was 310 to 211 



SOPHOCLES AND THE PATHETIC FALLACY 

FRANK OUN COPLEY 


B riefly defined, the pathetic fallacy ih the expression of the 
illusion, produced by mood or emotion, that the inanimate 
world IS a sentient thing, that it feels emotions as human beings do, 
and even on occasion shows sympathy with the sorrows and the 
joys of mankind ^ The figure lends itself readily to the mental habits 
of the romantic and sentimental poet, yet it is as old as Homer, 
and IS to be found m one or another form in nearly every one of 
the Greek poets of the classical age Of the tragedians, Aeschylus 
has left m some of his finest passages examples of th< pathetic fal- 
lacy that quite equal those of the modem poets in brilliance and 
depth of passion * And in Sophocles’ plays fls use reaches a height 
of artistry and beauty to which the later poets seldom attained For 
with Eunpides it tends to become artificial, and the Hellenistic 
poets have made it a pretty conceit • 

Of the seven extant tragedies of Sophocles, the two which are 
nchest m examples of the pathetic fallacy are the Ajax and the 
PhtlocUieBj respectively the first and the next to last m order of 
composition The 0«d%pti8 orf ColonuB^ the last play, reveals no ex- 
amples whatever, while the remammg plays afford one or two each 
There is, then, no correlation between date of composition and fre- 
quency of the pathetic fallacy, nor would such a correlation be of 
any real value by itself Rather, since the pathetic fallacy if used 
to excess or inappropriately may degenerate into bombast or scnli- 
mentahty,* we must examine Sophocles’ use of it to determine how 

* Tb« doctnn© snd the osme of this phenomenon were first propounded by 
John Ruskio in hie eMays the Patheiio Fnllacy {Modern Faxntere, Port IV, 
Chnp. XII) and *'Of the Imagination Contemplative” (ifrtd , Part HI, 800 II, 
Chap IV) 

* Eg Prom 104^1053, with which compare Shakespeare, King Lear, 
Act HI, Sc 2 

* Some reeervatlone to this statement must be made, notably in the case of 
Theocritus 

* Of Etup^n, the Pathetic Fallacy,” paragraph 7 
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far he avoids these faults Again, the pathetic fallacy comes most 
easily to the poet \\ho feels the existence of a sympathy and com- 
panionship between himself and manunate things, and it will be of 
interest to see how deeply Sophocles experienced this feeling, nor- 
mally considered the all but exclusive property of the romantic poet 
It will, of course, be iinis>8sible m a study of this scope to discuss 
all the examples ‘ 1 shall confine myself to those which arc most 
mterestmg and significant 

The lonely and morbid Antigone, whose only enme was that she 
loved her brother more than she rtsjKicted the cruel laws of Oreon, 
was condemned by him to be buned ahve in a lave Possessed by 
the thought that the consolations of the chonis are intended to mock 
her, she calls the spnngs of Dirce and the glade of Thebes to witne^its 
her shameful treatment 

otgoi 7<Xwga( tI irpdf 
oifK olxo^kifQ,u dXX’ iirl4>avTOVf 

rdXtSf ^ v6Kt(tiS roKvKT^iuMvn Ardpet 

Si ^ipKcXfU 

r* ibapp,iLT(fv lk\<ros tfAvas ivfinkpTvpiKi tfAfi* knKrwpiat^ 
o7a AxXai*rDf, oloit vhijmt 

Tp6t tpyfia rv^^bxfiiffTOv Ipxcpai r woraiiflov 
Iti) BbffTavoSf jflpdrocj oUre vkKpas wpodffa 
fUroucot, ob ob Bavaromiv * 

Alas, I am mocked! Why, by our fathers' gods, do you not await 
my death, but heap outrage on the living? O my city, O my city's 
wealthy sons! 

O you springs of Dirce, and you sacred glade of Thebes, nth m 
chariots, you at least have I for witnesses how unwept of friends and 
by what laws condemned I go to a chamber sealed like a tomb, an 
outlandish sepulcher! Ah, for my ill fortune! Neither among me n 
nor among shades have I my dweUing, neither with the living nor 
with the dead! 

Antigone, as Butcher has said,^ calls out as one '^deserted and 
alone'' to a nature which is no more to her than a last resort now 

* I have ooUeoted them all in my dissertation (unpublished), The PcUheitc 
FaUaqf %n Oreek Podry from Homer to the Cloee of the Fifth Century (Stanford Um- 
verwty, 1«S5} 

• Ant 83^g51 

’ Butcher, S H , Some Aepeete <jf the Greek Oentue (London, lft29) p 282 
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that she can no longer expect <tympathy of mankind, and we are to 
see m this fact, ho contmues, an essential diffen nee between Soph- 
ocles^ viewpoint and that of the romanticist But back of all the 
modem poet's fleeing to nature is that same feeling of an unsympa- 
thetic mankind, or at least of a more sympathetic nature It w 
only the modem man's tendency to flee there on less provocation 
that sets him apart from the Greek And the true sentimentalist 
iH continually longing for the companionship of his egoistic self w hich 
he finds reflected m tree, cloud, and nver, his refuges from men who 
do not understand him 1 he saner Sophocles reserves such outcries 
for the moment when humanity has been truly dt-serted by its own 
kind, when great emotion floods an unliappy soul At such times 
it is only right and appropnate that man should succumb to sub- 
jective emotion rather than cling doggedly to objective reason * 

It 18 m a similar moment that Oedipus ones out to Mount Cithac- 
ron, the house ‘'that was m name my father's," and the "three 
roads " that beheld the awful killmg of a father by his son ® Why, 
why could they not have saved him from all ibis sorrow? For they 
must have felt, as he feels now, the revolting he that he was hving 
Again, it 18 the utterly abandoned soul that speaks, and turns as 
it should to seek sympathies that are only subjectively and not ob- 
jectively real 

But the pathetic fallacy need not always be the expression of 
overwhelming passion It may result from that contemplative mood 
with which the sensitive poet views nature, a mood that is no sign 
of morbidness or disarranged thought, but of imagination and a real 
aflection for the beauty of the inammate world “ In the Trachiniaet 
Deianeira, remmding the chorus that they are too young to under- 

* Of Ruskin, "Of the Pathetic Fallacy," paragraph 14 "A poet u great, 
firel la proportion to the strength of his passion, and then, that strength being 
granted, in proportion to his government of it, there being, however, always a 
point beyond which It would be inhuman and monstrous if be pushed this govern- 
ment, and, therefore, a point at which all feverish and wild fancy becomes just 
and true " 

» Oed Tyr 1391-1408 

** Greon also calls on Oedipus' attendants to feel shame at showing his stain 
before the face of nature, as If nature herself would bo horror^truok {Oed Tyr 
1433-1431 ) But the thought here is profoundly influenoed by religious concepts, 
nnd is le« a qwntaneoos outburst of passion compare Jebb on vs 1427 

^ This doctrme is the particutar subject of Rusldn's essay "Of the Imagina- 
tion Oontemplatfve", the two phenomena of thought are, however, essentially 
Identical. 
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stand her suffonngSf compares the young girl to a young plant m 
terms that clearly show the extension of human experiences to the 
manunate 

7 ip vth.^ov kv rdtottrSc j36ff«rai 
X^poiffiy auToO* icaL viv oi dAXiros deoO 
ct6* oifdi Trv€vfiaru)y ovdiy KXorc?, 

dXX’ ^^vaXs l£alp«i ^lov 

ToW’ iu»t rts Ai^ri vapOkyov yvvii 
K\ri$fjf X4/5|; r' h vvktI 4^poyT^^tt)y pApoff 
ffrot rp6s Av5p6j ^ rknyoty ^0ovfikyri ** 

For young life is nourished m spots of its own, and is not troubled 
by the god’s heat, nor by the ram, nor by any manner of wind Nay, 
midst joys it exults in a life that knows no toil — up to that time 
when one is called woman instead of girl, and takes one’s share of 
the night’s anxious thoughts, beset with care for husband, mayhap, 
or children 

In the tender plant — for this must be the meaning at least in 
the first four Imes of the passage of the ambiguous term t6 V€6,^ov 
C’ young life”) — Sophocles saw reflected the qualities of childhood, 
peace, innocence, and joy And how poignant this thought, since 
become so commonplace, “ seems in the mouth of Deianetral It 
pictures a mmd not full of sentimental world weanness but pervaded, 
wistfully rather than bitterly, with a sense of a unity in the world, 
a unity of sadness To Deianeira, depnved of the thing which was 
her hfe, the love of Heracles, ammate and inanimate ahke seem to 
know a joyful beauty that turns to care through sheer force of the 
order of things Motivated by introspective egoism, the thought 
would have been sentimental, here it is full of true pathos 

Very skillfully used is the pathetic fallacy in Electra’s first speech 

& iiyphp 

xai yfft tffltfioip* iijpf &t pta 
iroXXdf tth $p^tiay 
ToXXdf 4’ lipriiptui ja$ov 
ffrkpviiiy irXiry4f 
Mtop 

rd 44 ravpvx^^ ^rvy^pol 


» 14d-160 


u E g in Woidsworth’i DaffodiU 
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tifval fUfytpC^v otKuVf 
iff a rdy 6l<rTrjvov $ previa 

rartp* 

O pure light, and air that spreads o'er all the earth, how many 
lamentations have you heard me utter, how many blows heard 
shed upon my bleeding breast, when shadowy night fails f Yea, and 
my hated couch withm the halls I loathe knows will ere now of 
the watches that I keep, how many a groan I utter for my hapless 
father 

In thus telling her tale to these inanimate things Electra shows 
how far she is gone in loneliness and grief She has no more faith 
m the consolations of men, for they cannot know the true depth of 
her suffermgs By a sort of desperation she is driven to seek a 
sympathy, vaguely reahzed and expressed, in the bght and air of 
heaven, and even m the bed she detests These are rather comfort- 
less witnesses, but they arc all she has 

But there are passages m Sophocles’ plays in which the inani- 
mate 18 appealed to for sympathy not merely because there is no 
other course left but because m some way a compamonship has 
sprung up between the character and lus surroundings Ajax has 
been long at Troy, and it is with a feeUng of horror and shame be- 
fore these places that he turns to die 

ir6poi dXlppoOoi 

ir^poX^ r’ &vrpa ical vtpos tir&KTior, 
iroXi))' jm $af>6v re 

icarelxw'* Tpoiav AXX' oifKin ovic 

<t' AmitvqAt Jxorra toOtA rii faro) 

lKatiiif6pLOL 
ytLrovtt ^a£, 
c&^poref 'Apyeioit, 
oifKkr* ArApa pi} 

Uffr*j hrot 
fiky\ olov oOftva 

Tpoia crrpaTiiO Stpx^*l poXdvT* AvA 

BUe 80-95 

** Compare her worde to the ohonu, vm 145-909 
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£XXaW6of ravvv F dnfws 
TrpdKtifxat 

Alas, you paths of the sea, and you sea caves and meadows by 
the shore, far, far too long have you held me now about Troy — but 
^tis no longer one who lives and breathes this let every man of under- 
standing know O near-by streams of Scamander, you who were 
kmdly to the Argives, no more will you behold Ajax — a mighty 
word I speak — a man like none other whom Troy beheld coming in 
the host from Hellas But now so low 1 he in shame* 

And again 

ix&alpofjtaif fi* ‘EXXAyw*' <rrpttrAf, 

H Tpola iratfa ital ircfila tA6« 

Loathed am I, the host of Hellenes hates me, all Troy and these 
plains abhor me! ^ 

It IS a man consumed by horror and shame who speaks, and his 
words are the truest expression of feelings of such a man These 
inanimate thmgs seem to be old friends who had shared his glory 
and now must look upon his shame Similarly, and with an admix- 
ture of almost sentimental nostalgia, Ajax addresses Athens, Sala- 
mis, and these same plains of Troy 

& 4^kyywtf Ci y^ t€p6v olxelas riSw 
XaXapZi^, & irarpQov iarlat fiLSpov^ 

T* koI r6 <Tiivrpo<^v yiroSf 

KpifyeU T€ iroraMOt 0* ot5«, ical rd Tpciaxd 
irtdla rpo^avSe^j ^ rpo^vs kpel 

rods* vpiv Atoi toDitoi Oo’Taroj' BpotX 
t4 AXX' *Ki0ov row ifArw j 

0 light of day, O holy soil of my homeland, Salamis, 0 threshold 
of my fathers* hearth! 0 far-famed Athens, and you people that are 
km to mine, and you, too, you spnngs and nvers here, and Trojan 
plains I call to you, ‘Farewell, you who nourished my life!* This 
is the last cry that Ajax makes to you The rest 1*11 tell to those 
below m Hades 

^ 411-437 Alfred Bieee eaya of this passage that It exhibits *Mie 

sarteste Sympsthie ewisohen Natur und Measeben “ — “Die poetisohe Naturbe- 
leslung bei den Grieeben,*' ZetUchnfi fur V6lkerp»ychologi« und 8prachvn9$m- 
30(1990) 362 

» 4^0* 468-469 


w /6id, 860-866 
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In all these passages nature has clearly become something more 
than the mere last resort of an abandoned soul Before Teomessa 
and the chorus Ajax lias been Med only with sorrow and regret 
They were his fmads and comrades, but they do not understand 
how deeply he feels ” In the end he puts them roughly aside 
The scenes amid which he has lived a glonous life — these have been 
his most sympathetic companions, these alone can know the tragedy 
that has overwhelmed him His last word is for them Wliat con- 
solation he finds in them he does not say, yet it is with a species 
of calm that he sjieaks his last line 

rd 6' &XX’ h ki6ov rots kSltw juudi^cojuai 

The rest Til tell to those below in Hades 

It IS in the Philocteics that Sophocles expresses most clearly the 
thought that man c^n arhieve companionship with the inanimate, 
and that nature can m some measure offer relief and consolation for 
human troubles, can in a word take the place of a sympathetic human 
heart ** Even the bow of Heracles, which has served Pluloctctes m 
his long stay on Lemnos, has acquired in his eyes the qualities of a 
faithful servant, who must resent the trickery of Odysseus and 
Neoptolemus" Pathetically he cnea out to beach, headland, and 
cave, '^his wonttd comrades,'^ to take pity on him for the treatment 
he has received from Ncoptolemus,” and when, cheated of lus bow, 
he finally gives up all hoi>e of leaving the island, and foresees his 
death there, it is to his cave that be addresses his lament 

C) KolXas ir^Tpaj ybctXov 

Kal ira7cr^«s, ff* ovk l/icXXor dp\ ^ rdXas, 
ovitroFf dXXd fjboi Kai $v^^kovti a-uMlcei 

Mol JMl 

irKiipiararov aOXioi^ 

XOiras ras dir’ rdXaK, 
tIitt’ 0,1 not rd mar’ d/iap 
Iffrat , roO iror« 

fftTOvdjMW ir6$tv ihrldos , ** 

» Of a»*d , m^70 w C3f , 340, 860 " /(ad , 680-693 

“ Cf Blew, Alfred, Ote Bniivieklung dea NnturgefuhU Onechen 

1883), im 46-46 

» PhUoct 1138-1136 M /6id, 936-940 /tad, 1081-1001 
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0 hollow of the cavernous rock, now hot, now frosty-cold, so it 
was to be, that 1 should never leave you, hapless as I was I Nay, 
you will be witness e\en to my death Ah, for my wocl 0 house of 
inme, filled to tht full with the sad tale of my misery, what now shall 
be daily sustenance for me, unhappy man? Where, whence m my 
WTctthedness shall I take hope of food? 

Yet it rai^ht be said of these passages that Philoctetes has found 
compamonship with nature solely because it was forced upon him 
“This personal converse with the world outside, “ says Butcher,** “is 
for Philoctetes an enforced intercourse A kindly sentiment has 
mdeed sprung up m his mind towards the unhuman companions of 
his solitude, but the long years he has spent alone with nature have 
wrought no healing, they have not caused forgetfulness of the sweet 
society of man “ This is true In all the plays of Sophocles, with the 
possible exception of the Ajcix^ man has not been pictured prefer- 
ring nature to his own kind, as finding a solace there that makes him 
forget other men Such consolation can be found only by the truly 
romantic poet But there is a point between this extreme romanticism 
and the attitude which sees m nature only an appeal of last resort 
If Philoctetes would not have sought the loneliness of Lemnos by 
preference, he might yet have gained an affection for the island which 
would cause him some pangs, however faint, at leaving it To this 
feehng he does attain, and he expresses it m his last speech, in which 
he turns to offer his farewell to the scene of his banishment 

wv eulxtav KoXkffw 

xaip^ ^ pk\aBpov ihp^pwpULV 
r* ivvBpoi. 'KstfuavtiStif 
Kal KT{yir&$ dpenjv irhvrov irpo^oX^, 
oS iroXX^Kt Tobft^v krkyxBv 
Kpar* hBhftvxov irXijyaZtfi p6rou 
iroXXd 6^ rijt 
^ppatpp 6pos vapiw$ti4f€p kpol 
ffT6vov i^vT^fvro^^ 
v^v Ff & tcppai re irordv, 

Xdiropei' Xcliropcf' 

Wfijf oO iwe irt^ierct 
Xatp’r dp^faXoK 

^ Op 283 
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fcal fi* 

tvS* ^ ti*y6.\ri MoTpa 

yyu>{H7} rt <^l\(ay iraySa^drup 

SalpijiVt ds ra D t’ iirkKpay^v ” 

Come now, as 1 depart I’ll invoke this siwt F'arcTJvell, 0 house 
that kept the watches with me, farewell, Nymphs of stream and 
meadow, and farewell, hoarse roar of the sea’s promontory, where 
many a time my head as it rested within that cavern has been wet by 
the blasts of the south wind, and where many a time the mount of 
Hermes has sent back a groan m answer to me as 1 lay stonn-tossed ! 
But now, 0 fountains and Lycian waters, I leave you, leave you even 
now, I who never entered upon this thought Farewell, O sea-girt 
isle of Lemnos, and send me forth with godspeed and without re- 
proach Send me where mighty F ate taki^s me, F ate and the counst 1 
of friends, and that all subduing Spirit who has fulfilled these things! 

It would be too much to say that Philoctetes regrets that he has 
been given back to the society of men But it is not too much to say 
that m spite of the trouble, pam, and loncUnese of that long sojourn, 
he realizes that he is lea\ing liehind him a very real sympathy, some- 
thing which he will miss even among his human friends Here is a 
cave that ''kept the watches” with him Will men do the same? 
Here is a mountain that shared his groans of anguish Will human 
fnends be as sympathetic? "Send me forth,” he says, “without 
reproach that I have preferred men to you ” ** That Sophocles 
should have closed the play on this subjective note, this elaborate 
pathetic fallacy, is emphasis of his realization that man and nature 
were sometimes, at least, akin For the lonely, gnef-stneken, de* 
foated and thwarted man there is in the inanimate world some answer- 
ing voice which will be found when the need ansts Mon does not 

PhUoU 1452-1468 

*• This is Seyffert’s mteipretatioa of Ayiyrrw Jebb and others 

have preferred to interpret "Send me forth In such way that / shall have no 
cause for reproach," and Campbell has rejected Seyffert s interpretation as being 
"too finely drawn " I prefer it, and for the following reasons ( 1 ) the idea of a 
safe voyage has already been expressed by SfikttwTvt, if Jebb's view be 

accepted, is no more than a tautology, (2) Philoctetes has just addressed the island 
in terms of the deepest affection, yet he ^ows that he is glad to leave it Wbat is 
more natural than that he should as it were ask pardon for that id&dnessT The 
thoui^t seems to be "You and I have lived in deepest sympathy You have 
sdaeed my sorrow and shared my pain Do not reproach me now if in spite of 
that 1 am glad to leave you, but remember that 1 am a man, and send me forth 
with your blesBing " 
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depend entirely on other men or oven on the kindness of the gods, 
beyond these things which we can know and of which we can speak 
objectively there is something else Sophocles’ pathetic fallacies are 
the expression of this conviction If he does not lose himself in 
nature as the sentimental poet does, it is not because he is less able 
to see the things that the sentimental poet sees Rather, it is be- 
cause he 18 more capable of facing objective reality and less prone 
to hide hia sorrows m the consolations of an imaginary, subjective 
world 

University or Michigan 



SOME RECENT INTERPRETATIONS OF THE 
ARISTOTELIAN ENTHYMEME 

JAMES H McBURNEY 

I ANL COOPER, the only man in America who haa translated 
J the Rhetoric of Aristotle mto English, recently said 

while Aristotle probably did not give the 0nal utteranoc on poc tic art and 
spoken prose and no one over wUI suoc^ in giving it, nevertheless the individ- 
ual student is not likely to come nearer to that final utterance than Aristotle 
did unless he piaiiently goes with Aristotle as far as Aristotle will guide him 
One fine quality in Aristotle is his excellent persti^^i^ive, so lhat those 
who go to soliool to him become less likely to mistake the trivial for the impor- 
tant Another is his wonderful fertility in germmal thought* * 

For the last several years I have been making a study of the 
enthyineme, a concept which originates with Anstotle and to which 
he refers as ‘‘the very body and substance of persuasion * J Bar- 
thelemy Saiut-Hilaire says of tlie Anstotelian enthymeme in an ap- 
pendix to his French translation of the Rhetoric 

It occupies in the art of oratory essentially the place that the syllogism occu 
pies m logic If one does not know how to make enthymemes, ho can hardly 
flatter himself as being an orator ’ 

In this paper I am proposing some uiterpretations of the Aris- 
totelian enthymeme which I think have important implications for 
contemporary speaking and writing Despite the essentially Aristo- 
telian character of contemporary rhetorical theory and the central 
place which the enthymeme occupies in Aristotle's rhetorical system, 
there has persisted for many centunes a strange misunderstanding 
of this important concept The enthymeme is today almost univer- 
sally defined by logicians and rhetoricians alike as an elided syllo- 

^ Cooper, Lane, "The Rhetoric of Aristotle," Th^ Quarterly Journal cj 
5pMck, 21(1993) 12 

• The Rheione cf AmtoUe^ tratuflsted into English by Lane Cooper (D 
Appleton A Co , New York, London, 1932), 1 1 1854* 

• Salht-HUalre, J Barthelemy, d‘Ar%Hote (Paris, 1870), 11 848. 
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gism It IS commonly differentiated from the logical syllogism only 
m the omission of one of the propositions of a complete syllogism, 
with the result that most rhetorical treatises attempt to make the 
logic of the Organon the logic of rhetorical invention This confusion 
between logic and rhetoric m respect to the syllogism and the en- 
thymeme has its beginning in a very early misunderstanding of 
Anstotle^s meaning to which I shall refer later 

Aristotle, in his Organon and RhetonCf is attempting to set forth 
a system by which truth and certamty m respect to human knowl- 
edge, may bo ascertained and demonstrated verbally, by which 
truth may be sought through discourse, and by which people 
may be convinced and persuaded In the Pnor and the Posterior 
Analytics he develops the apodeictic or scientific syllogism as the 
method of asc^rtaimng truth and demonstratmg it verbally, in the 
Topics he develops the dialectical syllogism as a method by which 
truth may be sought through discourse, and in the Hfieionc he sets 
forth the enthyracme or the rhetorical syllogism as the basis of con- 
vincing and persuading |)eople through s^ieakiug and wntlng In 
the last few centuries especially there has developed a large body 
of literature which fs critical of the Aristotelian tradition Much 
of this has been directed at the syllogism and some of it at the 
rhetoncal applications of the syllogism Both Bacon and Locke 
questioned the usefulness of the syllogism in rhetoric Campbell, 
m hia Philosophy of Rhetoric, after distinguishing between demon- 
strative or scientific reasoning and moral or probable reasoning, 
declares rather flatly that the syllogism ‘^has not the least affimty to 
moral reasonmg'’ and refers to it as a “very incommodious form ” at- 
tendant with “many disadvantages “ in scientific reasoning ^ Many 
contemporary treatises on rhetoric argue the impotency of the syl- 
logism in speaking and wntmg The really astonishing thing about 
this whole matter, however, is the oblivion into which the enthy- 
meme seems to have passed I think there can be no question but 
that the enthymeme is the concept which we must understand if we 
are fairly and competently to evaluate the rhetoncal applications 
of the syllogism My purpose here is not to attack or to defend the 
usefulness of the enthymeme in contemporary rhetoric or to question 
the rightness or the wrongness of Aristotle’s position Neither is 

* Campbell, George, PkitosopKy of Rhetoric (Harper and Brotbera New 
York, 1869), pp 68-72 
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it my purpose to consider the enthymeme m terms of recent logical 
and rhetorical developments My purpose, rather, is to contnbute 
to an understanding of the Anstotehan enthymeme, to mterpret 
Aristotlc^s position in his own terms, to place the enthymeme prop- 
erly in his own logical and rhetorical sysU m I emphatically con- 
tend that critical observations on the rhetorical applications of the 
syllogism are not significant without a proper understanding of the 
enthymeme, and I contend further that such an understanding 
should constitute the point of departure for contemporary studies m 
rhetorical invention 

I The Enthymeme as a Syllogism from Probable 
Causes and Signs 

First of all, Aristotle very clearly identifies the enthymeme with 
probable matter as distinguished from that of the syllogism proper, 
which he considers to be certain and apodeictic In the Pnor Ana- 
lyttcSf II 27, and m the Rhetoric , 1 2, and II 26, he defines the en- 
thymeme aa a syllogism drawn from probahhtiea and signs and 
thereby expressly distinguishes it on a matenal basis from the logi- 
cal syllogism Some explanation of probahthltes and signs will be 
helpful here The distmction that is meant appears to be one which 
Aristotle frequently uses in the Organon — a distinction between a 
reason for the being of a fact and a reason for acknowledging its being 
These conceptions are often designated ratio essendi and ratio cog- 
noscendt, respectively H W B Joseph illustrates this distinction 
very simply as follows 

When I Bay that wheat is nourishing because it contains nitrogen and car- 
bon UL certain proportions, I give the reason for its being nouruhmg When 
I say that Melik’s Food is nourishing because Baby grows fat on it, I do not 
give the reason for its being nourishing, but only tho n^ison for my thinking it 
to be so it is not Baby^s condition which makes It nourishing, but its nour- 
ishing properties which produce Baby’s condition * 

The pomt I am making is that Aristotle is designating the ma- 
terials of the enthymeme as probabilities understood as rattones es- 
eeftdi and signs or rattones cognoscendi In other words, he recognises 
two sorts of argument, reasoning from probable causes and reasOn- 
bg from signs He is saying that the speaker or the wnter may 

* Joseph, H W B , An /n^roduchon to Logic (Second edition revised, Oxford, 

1216), p 805 
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Despite this rather clear declaration of the general tepot as the 
special province of rhetoric, Aristotle makes what appears to be a 
rather startling statement to the effect that **enthymemes are mostly 
formed from these particular and special topics ” * This statement 
can be explained m two ways Aristotle recognises the importance 
of having specific, factual premises m speaking and writing wher- 
ever possible and the value of avoiding what he calls the '‘sheer 
commonplace ** • Furthermore, he explicitly recognises the close 
relationship between rhetoric and ethics and politics, and the im- 
portance of the subject matter of these fields as sources for the 
speaker’s enthymemes Anstotle states 

a flkiUod speaker must have a thorough and detailed knowledge of the 
special scienoes which mainly concern the art of rhetoric — that is, Ethics and 
Politics, above all, since they have to do with the conduct of men as individuals, 
and with men m groups Of course he must have an adequate knowledge of 
other special sciences, too, no knowledge comes amiss to the speaker ^ 

Students of the Rhetoric know that Aristotle takes pains to fa- 
miliarise hia readers with what he considers to be useful information 
on ethics, and politics, constituting in reahty a practical psychol- 
ogy for the speaker and the wnter to guide them in adjusting their 
enthymemes to those individuals whose thinking they hope to in- 
fluence This treatment leads me to the second major interpreta- 
tion of the enthymem© I wish to make, viz its relationship to what 
he designates the three great modes of persuasion, EthoSf Pathos, 
and logical argument 

II Th» Enthymbme in Relation to Ethos and Pathos 

We have seen the enthymeme as a rhetoncal syllogism drawn 
from probable causes and signs The question I wi^ now to con- 
sider IB, Just what are the relationships of the enthymeme to the 
three great modes of persuasion designated in the Rhetoric t Aris- 
totle's description of these is m part as follows 

Of the modes of persuasion furnished by tbs spoken word there are three 
kinds The first kind depends on the personal ebaraeter of the spuka, the 
seooiid on puttmg the audience into a certain frame of mind, the third on the 

• Rhetoric, 1 2 ISfiS* 

• /M, 1122 1806* and 1896^ 

• Ibid , n 22 1895^ See Cope, B M , An Jnitrodwtwn io ArtsUMs Rhst^ 
crie (Macmillan and Co , London and Cambridge, 1867), p 9 
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proof, or apparent proof, provided by the words of the 8pc*ech itaelf Pemuaexon 
is acl^eved by the speaker’s personal oharaeter when the speech is so spoken 
is to make us think him credible Wo believe good men more fully and more 
readily than others, this is true generally whatever the question is, and abso- 
lutely true where exact certainty is impossible and opinions are divided 
Secondly, persuasion may come through the hearers, when the speech stirs their 
emotions Our judgements when we are pleased awl friendly arc not the same 
as when we are pained and hostile Thirdly persuasion is effected through 

the speech itself when we have proved a truth or an apparent truth by means 
of the persuasive arguments suitable to the case m question 

The usual interpretation of Aristotle here is that the enthymome 
IS the instrument of rhetorical demonstration or proof, and as such 
does not enter into ethical and pathetical persuasion I raise the 
question. Docs Anstotle in fact mean to exclude the enthymeme 
from the realm of ethos and pathos f The answer to this question is 
of considerable importance because upon it hinges the relationslup 
of the logical and the nonloglcal or emotional factors in argumenta- 
tive discourse Are we to consider the logical structure of an argu- 
ment (which for Aristotle ls an enthymematk structure) something 
that Is separate and distinct from the so-called emotional appeals? 
The question before us, m other words, is, What part if any does the 
enthymeme play in that mode of persuasion which depends upon the 
personal character of the speaker (ethos) and that which attempts to 
affect the emotional state of the listener (pathos)*^ 

To begin with, we must recogmse that the enthymeme is a rhetor- 
ical device and as such is dependent, so to speak, upon language 
symbols, le terms and propositions in sigmficant combinations 
Persuasion arising from the personality of the speaker and other 
kindred factors (except as it finds its expression in terms and propo- 
sitions) is therefore outside the realm of the enthymeme But what 
about the personahty appeal and attempts to influence the emotional 
state of the auditor which are expressed m words and sentences? 
Here we have the real question, Is the enthsrmeme the controlling 
unit of expression In such persuasion, or is it a purely logical Instru- 
ment of proof? 

A careful analysis of Anstotle will reveal the superficiality of 
attempting to separate the enthymeme from these “nonlogical" 
methods of persuasion I submit that in Aristotle's system the 
enthymeme is the element or unit of all persuasive discourse The 
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admission of “emotionally loaded” terms and propositions is In 
fact one of the important charactensties of the enthymeme, the 
premises which compose an enthymtme are usually nothing more 
than the heiiofs of the audience which are used as signs and causes to 
secure the acceptance of other pro{>ositions These premises, as m 
have sein, arc drawn from the general and special topics or iop<n 
Here Aristotle give^i us his seniipopular discussion of ethics and 
politics, virtues, vices, and emotions organized around lists of these 
topics My point is that Anstotle presents what he has to say about 
both ethical and pathetical persuasion m the form of t-opics, and we 
are explicitly told that thest topics are the sources to which we may 
turn for the propositions to compose enthymemes 

One of the strongest arguments to justify the position I am taking 
on the enthymemc m relation to eihon and pathos is to he found m the 
order of treatment or sequence of the RheUme Aristotle begins Ibis 
work by pro( laiming the en thyme me to be the body and substanie of 
all persueuiion In Book I, Chapter 2, he distinguishes among the 
three forms of artistic persuasion and explains tht enthymeme in 
terms of causes and signs He conohides the same chapkr by ex- 
plaining his topics or iapoi as the places to wbicli we turn for the 
premises of our enthymemes Then in Chapter 3 of Book I he 
distinguishes the three great divisions of oratory^ political, forensic 
or judicial, and epideictic or ceremonial, and states that he will 
organize his discussion of topics around this division of the kinds of 
oratory This he does, and he concludes Chapter 3 just before 
taking up this discussion by saying 

It evident from wbat has boon said that it u theae three subject, more 
than uny othera, about which the orator muat be able to have propoaitions at 
his command Now the propositions of Rhetoric arc Complete Proofs, Proh- 
ahilitiee, and Signs Every kind of syllogism is composed of propositions, and 
the enthymeme is a particular kind of svtlogism composed of the aforesaid 
propositions 

From Chapter 4 to Chapter 9 m Book I Anstotle gives the reader 
some practical politics designed to help the political orator in the 
selection of his enthymemes In Chapter 9 he presents a discussion 
of virtues and vices designed to help the speaker in epideictic oratory 
In Chapter 10 he turns to the topics of forensic oratory, stating *' We 
have next to treat of Accusation and Defence, and to enumerate and 
describe the ingrai^ients of the syllogisms used therein.” This dig- 
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cuesion continues to Chapter 15, where we the n are given a dis- 
cussion of nonartiHlu proofs, which Book I is closed 

Anstotk bigins Book II by pointing out the importance of 
ethical and pathetual persuasion in the thru types of oratory, and 
from Chapter 1 to 19 he gives us some praitical psychology con- 
cerning human moti\es and emotions It is ^\lth this that Aristotle 
concludes his discussion of spei lal topics Ik gun m Book 1, Chapter 4 
He then devotes Chapter 19 m Book II to general topics It will be 
remembered that the distmction between spec lal and general topics in 
relation to the enthymeme was made m C bapUr 3 of Book I 

UfKin concluding this discussion of the special and general topics 
from which the premises of our enthymemes must be drawn, lie then 
m Chapter 20 of Book II takes up the study of the onthymtme in its 
various forms and concludes Book II m Chapter 26 with this matenal 
Book HI, of ( ourse, is devoted to style and delivery 

Thm vkw of the Rhetoric makes the organization of the work 
entirely logical and understandable Aristotle first introduces us to 
the enthymeme as the dement of rhetoncal persuasion and gives us 
some preliminary definitions and elassifications, secondly, ho dis- 
cusses the topics from which enthymemes are to be drawn, explaining 
that ethical, pathetical, and logical persuasion will be projected 
through these enthymemes depending upon our choice of propositions, 
and thirdly, the enthymeme is carefully analyzed m its several forms 
Books I and II treat invention and Book III considers mainly elocuitOf 
to a limited extent pronuncitatto and diapositiOf with little or no 
mention being made of memorta My point is that, if we view the 
enthymeme as the *‘body and substance of rhetorical persuasion," 
as Anstotle tells us to, we have no difficulty m understanding the 
organization of the Rhetoric On the other hand, if the enthymeme is 
to be considered the instrument solely of logical proof with ethical 
and pathetical persuasion existing outside this concept, it is exceed- 
ingly difficult to understand the organization of the Rhetoric There 
Seems to me, however, to be no justification for this latter position 
except as we adopt superficial impressions which might be gotten 
from a failure really to analyze and understand Aristotle^s system of 
rhetorical invention It can be seen that the interpretation of the 
enthymeme here taken has important implications for the traditional 
conviction-persuasion dichotomy m rhetorical theory 
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III The Enthtueme ab an Elided Stlloqibu 

Thus far we have seen the enthymeme to be a syllogism drawn 
from probable causes and signs and have found it to be the element 
or unit of all rtasoned discourse — ethical, pathetlcal, and logical 
I shall now consider the question, Is the suppression of one or more 
propositions of a complete syllogism a necessary characteristic of the 
enthymeme, as is commonly held? From what I have already pointed 
out, we know certainly that this factor alone is inadequate to differen- 
tiate the syllogism and the enthymeme, and, on the other hand, 
even a casual observation of specimens of speaking and writing will 
show that the enthymeme appears very often In an elided form The 
only question raised here, therefore, is whether or not the suppression 
of one or more of the propositions of a complete syllogism is necessary 
m the enthymeme 

The controversy on this particular point has been the subject 
of so many papers, footnotes, and comments that Hoyt H Hudson, 
speaking of De Qmncey’s reference to the enthymeme m his Essays 
on RheionCf states first sight the passages dealmg with this 
subject may seem to be merely the facetious stirrmg up of a mare's 
nest " ** 

Do Quincey cautions us, however 

if the question wore for a name, Heaven forbid that we should disturb 
the peace of logioaos, they might have leave to say as of Strid in Wharfdale 

“It has borne that name a thousand years, 

And shall a thousand more “ 

But whilst the name is abused, the idea perishes ” 

Aristotle's conception of the enthymeme has, in fact, almost 
perished, and it is because commentators on Anstotle, and logicians 
and rhetoncians speaking in their own right, have persisted in defin- 
mg the enthymeme merely as an ehded syllogism Facciolati, 
Saint-Hilaire, Sir William Hamilton, De Quincey, and others have 
pointed out the Inadequacy of this definition, but even then* graap 

** Hudson, Hoyt H, Quincey on Rhetoric and Public Speaki^,'' 
Studies tn Hkeione and Piibhc Speaking tn Honor cf James Albert Winans (The 
Century Company, Hew York, 1025), p 141 

V De Quincey, Thomas, Essays on SiyU} Bkstone and Language, edited by 
Fred K Se^t (Allyn and Bseon, Boston, 18^, pp 145-146 
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of the subject has not been complete, and their conclusions have not 
been mcorporated m treatises on the subject 

I find no place m either the Organon or the Rhetoric where Aris- 
totle defines the enthymeme as being a syllogism with one or more 
propositions suppreased, nor does he make this a part of any defini- 
tion of the concept It is true that he tells us in several places that a 
premise is frequently suppressed For example in Rhetoric I 2 he 
states 

the ImlcB in the [onthymematic3 chain must be few - ieldom ae many as 
the links in a normal oham of deductions ThiiSt if one of the premises is a 
matter of common knowledge, the speaker need not mention it, smee the bearer 
will himself supply the link 

Not only does he not define the enthymeme as a truncated syllo- 
gism, but what he does say about it almost precludes the possibility 
that he meant to imply that the enthymeme should be so defined 
The enthymeme is clearly explamed as a syllogism drawn from 
probable causes and signs, and as such is made the element or unit 
of all argumentative discourse To contend that Anstotlc meant 
that a syllogism drawn from a probable cause or sign is not an enthy- 
meme merely because both premises and the conclusion are expressed 
is m my opinion wholly inconceivable My conclusion in this matter 
is that, while wo may safely mterprot Aristotle to mean that the 
enthymeme uauaUy lacks one or more of the propositions of a com- 
plete syllogism, there is no justification In uiterpreting him to mean 
that this is a necessary characteristic of the enthymeme 

You may wonder why it is that the enthymeme as understood 
by Aristotle has been so largely lost when this concept occupies such 
an important place m Aristotle^s system of rhetorical in\cntion I 
shall merely mdicate some of the factors which explain this situation 
(1) a lack of mterest in rhetoric m the Stoic school following Aristotle, 
resulting in a very early confusion between logic and rhetoric, and 
between the syllogism and the enthymeme, (2) the persistence of this 
confusion in Cicero's rhetorical works, more especially in his De 
InmnUonSt (3) the unfortunate definitions of the enthymeme by 
Cicero, Qumtihan, Hermogenes, and others, (4) the strange dis-^ 
appearance of Aristotle's Bhetorui during the whole of the Middle AgeS 
and the influence of Cicero's De Inventions during this period , (6) the 
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miEitakon interpolation m the passage m Prior AmlyiiCBj 11 27, 
which made Aristotle appear to define the enthymeme as an elided 
syllogism, (b) the loss by rhetoric of its field of invention and the 
absorption of this field by logic during most of the Middle Ages, 
(7) the inordmate interest of the medieval seholars m the syllogism , 
and (8) the tendency of sixteenth- and seventeenth-century commen- 
tators on the Rhetoric to conform to the traditional definitions of the 
enthymeme 

1 have discussed these factors and other matters relating U) the 
enthymeme in some detail in another plaee and shall not go into 
them here My only purpose in this paper has been to set forth 
some mterprctations of the Aristotelian enthymeme which seem to 
have escaped attention These interpretations may be summanzed 
m the following conclusions (1) The enthymeme is the syllogism of 
rhetoric, occupymg in rhetoric essentially the same place that the syl- 
logism occupies in logic, (2) The premises of the enthymeme are 
probable causes and signs, (3) These premises are drawn from topics 
varying in specificity and cxactneHS from the particular facts of a 
given case, to the ipost g(neral rules of probability, (4) These prem- 
ises may be phrased in language designed to affect the emotional state 
of the listener, to develop in the audience a confidence m the speaker, 
or to establish a conclusion as being a probable truth, (5) The 
Inferential process is formally deficient in several of the cnthymematic 
forms and many enthymemes cannot therefore lie stated m valid 
syllogisms, (6) The enthymeme often (but not necessarily) appears 
with one or more of its propositions suppressed The enthymeme 
for Anstotle is, in short, the practical, usable, everyday, instrument 
of enunciative discourse It is universal in the field of rhetoric just 
as the syllogism is m Aristotelian logic, and is, in fact, the ** element” 
or "unit” of persuasive speech It exists wherever reasons are sup- 
plied or implied in discourse and is the concept which muet &e under~ 
stood to appreciate the rhetorical applications of syllogistic logic 

Univursity or Miobioau 

“ MoBurnoy, I H, "The Place of the Enthymeme in Rhetorical Theory" 
(unpublished doctoral dissertation, University of Michigan, ld35) 



THE LANGUAGE OF TITUS ANDRONICUS 

HEREWARO f PRICE 

I N THF oourhe of Hom< work on an edition of Tiius Aruirontcus I 
have come across a few interesting points of grammar and usage 
which have bwn nther wrongly explained or altogether ignored in 
the books of reference I should like to discuss a few of my results 
in this paper 

First, a wonl or two on the vocabulary of Titu& in general The 
Elizabethan poet had no large body of literature, handed down 
through many generations, to draw words from or to apptal to as an 
authonty He was often obliged to make up his language as he went 
along Shakespeare is so much a classic that it is not always cUar 
to us how much of his language was invented to meet the needs of 
the moment, or how much of it was colloquial or even provincial 
There are about seventy eases where the earliest recorded instance 
of a word or a usage is to be found in 7\tus There are only eight 
instances of obsolescent language, i e of words or usages not recorded 
m English after TiIxih We have, besides, a number of expressions m 
Quarto 1 (1594) which the compositor of Folio 1 regarded as old- 
fashioned and changed into something more up to-datt These will 
be treated below We have also one or two alliterative phrases, such 
as change of cheer (I i 264), horn and hound (I i 494) These phrases 
are not kamed or literary, they aw from the popular poetry of the 
ballad, and are partly chosen for their simplu ity There are twelve 
reminiscences of the Bible which are sometimes difficult to recognize * 
The vocabulary is widened by expressions and uses that are countri- 
fied or from dialect, such as bird « 'nestling' (II lu 164), coil (III i 
226), feed (IV iv 93), honeg^ew (III i 112), honey-stalk (IV iv91), 
(IV IV 46), shtve (II i 87), single forth (II iii 69) These data 
show how little the Elizabethans were bound by tradition and how 

* n 66, Sai-332, nr 1 16-22. 225, 244, 263-266, ru u 23, 37-^, IV 1 96-97, 
IVU89-S3, 41-43, V i 147-150 8w Noble, Richmond, Shakespear^i Biblieal 
KnowUdye (London and New York, 1936), pp 133-140 
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much they strove for the new thing and rehed upon their powers of 
invention The archaisms are only occasional in Ttftw, and they must 
not blind us to tho fnsliness of its style It is important to note how 
Shakespeare suggests character by language His Romans are plain 
and simple in speech, rising but rarely, in moments of great emotion, 
to heights of rhetont or poetry In order to stamp his personages 
more sharply as Roman, he bnngs m a large number of words with 
Latin associations, e g continence, enstgnSf oheequtouSf palltamentf 
piety f prodtgteSi tributary, trophy Many others might be given Some 
cntics suppose that only a classical scholar would be capable of 
language so steeped m Roman sentiment But they forget that 
Shakespeare occasionally blunders and writes monstrosities hke suo 
ceesanUy or gives to words an improper meaning, as in the case of 
absequtouB (« ‘havuig to do with a funeral’); ^nd paUtament, which 
we shall discuss below Trained classical scholare do not make howlers 
of this sort 

Finally, there is Shakespeare’s use of proverbs to charactenee 
Chiron and Demetnus These pnnees of the Goths are represented 
as rough country louts Shakespeare indicates their oafishness by 
makuig them fond of rustic and often coarse proverbs No other 
characters m the play use so many This piece of technique is inter- 
esting as it indicates the standing of proverbs m Shakespeare’s day 
Gentlemen, it would appear, were already givmg them up 

Before comparing the readings which the texts offer, it will be 
necessary to say something about the status of Quarto 1 The re- 
markable confusion about Alarbus m this Quarto proves that it was 
not printed from a prompt-book Alarbus is murdered twice, once 
before the play begins and then again during Act I Marcus speaks 
of the sacrifice as already earned out 

"ViUB times he CTltus] hath returad 
Bleeding to Rome, baring hie valiant eonnee, 

In Cofflne from the field, and at this day, 

To the Monument of that Andr<fniqf 
Done sacrifice of expiation, 

And slaine the Noblest pHsoner of the Chihee ** (1 1 3$-^) 

In accordance with this speech the entrance of Alarbus is not 
noted At the proper place for it the stage-directions read enter 
Tamora the Queene of Qothes and her two sonnes Chiron and 
Demetnus ” It is obvious that at this pomt Alarbus was not mtended 
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to be on the stage But later on m Act 1 he is hurried off the stage, 
where he had no right to be, in order to be slam as a sacnfice to the 
shadows of Titus' sons Quarto 2 cut the knot by omittmg from the 
speech of Marcus we have given above everything that comes after 
“field,” leaving “In Coflhis from the field” a broken line But it 
does not change the stagC'direction The sort of mistake Quarto 1 
make^ docs not usually happen in a manuscript prepared for stage- 
performance Quarto 1 was therefore probably printed from Shake- 
speare’s own manusenpt It is important to notice that the sketch of 
this scene, which the Marquis of Bath possesses, shows only two sons 
with Tamora I shall return to this matter m my forthcoming edi- 
tion of Titus AndromeuSt where I shall also discuss the questions 
raised by Mr J S G Bolton uiPMLAj XLIV (1929), 765, and by 
Dr R B McKerrow in Library ^ New Senes, XV (19^4), 49 

There are a number of interesting readings in Quarto 1 Twice 
it has years for ears (II iii 160, IV iv 98) It is noteworthy that this 
form frequently occurs in the manusenpt of Raleigh's poems In a 
few cases Folio 1 normahzea the grammar of Quarto 1 At 1 1 6 it 
substitutes wore for ware (Quarto 2, ware ) , at 1 1 219, you for nomina- 
tive yee (Quarto 2, you ) , at 1 1 206, weri for subjunctive were (Quarto 
2, were) , at V ui 17, more for moe with the plural (Quarto 2, moe) In 
five cases the Folio alters the grammar of Quarto 1 by making verb 
and nominative agree in number, e g for years wants it substitutes 
years want, and so on (II 1 26, III 1 0, 80, 226, 275) In all those 
instances tlie compositor of Foho 1 changed the grammar because 
he regarded it as old-fashioned 

Similar changes were made in vocabulary, that is to say, the 
modem or familiar word was substituted for the old-fashioned or 
unfamiliar word At 1 1 373 and V 1 20 the 1 oho substitutes renowned 
for renowmed of Quartos, at 1 1 260, tmpenall for impenous, at 1 1 99 
and 11 in 229, earthly for earthy 

The new infonnation I have gleaned may be divided into the 
following classes 

A few tnsUmces of words earlier than anything m NED 

‘brave H* (IV 1121) EarlUwt In JVffD 1697 
hnm m ‘capital.’ ‘fine’ (II 1 129, IV d 186) barllMt 1600 
droMlp, ‘axeeUently/ ‘cfuntally,' ‘weU' (IV in 113) Earliest 1600 
•mjdriL ‘dignity or poaitiott of an emperor' (1 1183) Earliest 1600 
dbiemty, in ooncrote sense, ‘an obccure place' (V U 86) Karlieet 1858 
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tangux'M^ 'red faced* (IVii97) h/Mrlieet 16^ It occurs also in Marlowe’s 
translation of Ovid, Elegies (1 vm 12) 

(tear verb in a transferred sense (IV iv31) liiurhcst 1697 
single, Ho go singly , HiO separate from others* (IT ni 69) I^irhest 1616 
undone (IV ii 77), in a mixture of senses (o) Ho ruin socially* (cf Much Ado, 
II 11 20), (6) 'to rum by seducing* Earliest in NED for this is 1612, 
although it might have noticed iU e If c2l (V ill 147) 

Senses or pronunetaltons not tn NED 

1 1 327 dtmb my palace Nut covered by the dehnition in NED 

HI 1 171 fwm« of both « ‘neither of the two’ Now in the dialect of Kent 
Fairly frequent m the sixteenth C/Cntury 

IV 111 79 * Titus 8hall 1 have justice? What says Jupiter? 

Cloum, O, the gibbet tnakerl *' 

heton seeing QuarU) 1, I susprrti^d a pun here, namely, that 
Jupiter waH pronounetd Jubiier, and it turns out that this Quarto baa 
the apeUing Jubtter all through thn scene m the Clown’s gpeethcB 
The form is common ui the fifteenth and sixteenth centuries It 
occurs in Caxton’s Jason^ p 1 In the play of Narcissus it nmos with 
sheppbiter (lines 235-236) We have the same devi lopment of b for p 
in jeobardy for jeopardy and m debuly for deputy 

JVrongiy explained or not yet explained 

V i 1 13 "almost broke my hart with extreame laughter " 

This means simply ‘to die It occurs again in Marlowe’s Massacre at Pant, 
1 667 

IV tv 03 "words more sweet and yet more dangerous, 

Then baites to fish, or honniostalkes to sheepe, 

When as the one is wounded with the bait, 

The other rotted with delicious feede " 

NED explains feed as ‘food (for cattle), fodder, provender ' I think it is 
far more likely to be the sense ‘pasturage, pasture, green crops’ ("honnie- 
stalkcs") 

A few changes of special interest 

IV i 101 Quarto 1 reads “Vou are a young huntsman Marcus, let alone ” 
Folio 1 reads let li olone Let U might be pronounced Ui the Folio is simply 
replacing the spelling at the expense of the metre 

Compare Wtnter^t Tide, II i 18, “Who taught ’this?’’ and Furness’ note In his 
Variorum edition Compare especially ibid , II U 63, where tel tl is spelt Wl 

IV 1 129 " Reuenge the heaueni for olde Androntcus ’’ 

Folio 1 makes obvious correction, ys Heavent This gives a stronger line and 
the m Quarto 1 can be easily explained as a misinterpretation of y* But the 
Heavens is not impossible, It pecurs in Marlowe, Maetacre at Paris, line 177 
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“The Heavens forbid Your Highneas such niiahup On the principle that 
the harder rejidinjc w to l)e preferred Quarf-o 1 nia> stand 

11 1 60 (juurto 1 nads 

VouDR I>orda beware and should the 1 mprifw know 
This discords ftroundf the musicke Houhl mit please 
Folio I and alt subsequent editions read an sfiould In my opinion an shoulfi 
IS an impossible construction T have lieen unable to find it anywhere else 
It is the mistake of a careless compositor And would make excellent sense, 
It IS emphatic and means “and let me tell you this ' This emphatu use of 
and is a characteristic of Aaron s style In the same speech at line fid Aaron 
says 

‘ Why lords and think you not how dangerous 
It IS to jet iqion a prince s nghl? 

II IV 16 (Quartos 2, 3 and hollo I substitute “slumber m eternal sleep for 

* slumber an eternall sleepe ’ of Quarto 1 Probably the compositor is normal- 
izing here too The reading of Quarto 1 is quite possible Com pan thy 
sister sleeps A long, Longe slumiier' (Cliarlomagne, II i 404 466) 

III 1 126 Quarto 1 reads ‘How they are staind like meailowis yet not drie “ 
Quarto 2 hoho 1 etc , read in for Itke Collier eonjet lured aa just missing 
the right reading by a hair s hremlth 

IV IV 40 Quarto 1 reads Vea forsooth & your Mislnshtp be Fmp<riaU“ 
Quarto 2 and all subsequent texts read AftMterakip 1 think they are quite 
wrong The Clown is speaking to the Empress and he gives her the same 
title, mutlrtaiiahtp, that he would have given to any farmer a w ife That is the 
whole Joke To make him say mtater$htp^ as if he thought the Empress were 
a man, ts quite unner^essary It is not so much of a juke as the other word 

V 1 27 tawny ‘ Peace taw nie slave, halfe me and halfe thy Dame 

On this Herford s note is ‘taicny, i e a hue l>etween black and white This is 
in palpable contradiction with one previous statement that the Moors child 
IS a ‘blackamoor (Eversley ed , 1000) It is true that the child is repeatedly 
called black (IV 11 66 99, 120, etc ), and it is here ( ailed taumy >6 e must sfai t 
out from the Flirntiethan belief that the i hildren of a black father anil a white 
mother were always black (R Scot, y>MCotvrtc of Wtfehaaft, p 312) Aaron’s 
child was meant to have the same colour as his fathir Taumy is frequently 
applied in Elizabethan English to people who are indubitably black Thus 
in Last a i)omtnum the Moor says of himself, ‘Although mv flesh be tawny’ 

( I ii), and yet the play is full of references to his blackness 
In H Holland s Fanchana we have the following lines 
‘ Why should a lady like with all her hart 
(Her selfe borne under Jove and Venus just) 

A tawny face befur'd with sable haire 
Borne under oM Saturn us starre combust^ 

It ta because that in faire woman’s eyes 
Blacke men seem pearles 
Or 18 it haply this 

That any beauty layde against the blacke 
Of much more beautle and more bnghtnes is?” 

Payne Collier, JUuatrationa of Old 
JSnyltah lateraiurc (i861}t If 40 
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Another writer speaks of a “Tawnyc Negro^ or Barbarian Moore” 
(R C , Ttmes^ Whittle [1616], III 403) We probably have to do with 
a poetical use of the word tawny Or we may have another example 
of the Ebzabethan haziness in the use of words relating to colour If 
they had anything dcfimte in mind, it would probably be the fashion- 
able colour of ladies’ stockings m London ten years ago which was 
called niggor 1 was authoritatively informed that this meant the 
darkest shade of brown Shakespeare uses the word agam m the 
Merchant of Ventce m the opening stage direction of III “Enter 
Morochus a tawnie Moore all m white ” There is no doubt this man 
18 black And again he makes Philo apply the word to Cleopatra 
(A and C , 1 1 6) There is plenty of evidence to show that the 
Ebxabethans believed that the Egyptians were black, but Shake- 
speare no doubt intended only to indicate Philo’s savage contempt for 
Cleopatra In his speech the word la simply a term of abuse 

Dame In the line given above (V { 27) Quarto 1 reads Dame Quarto 2 and all 
other editions read Dam Shakespeare uses dams for a human mother m 
Lucrece (line 1477), and he probably meant H here, although dame might 
plausibly be explained as a misreading of da^ On the principle that what 
makes senee must stand, especially when supported by other passages in 
Shakespeare, dame ought to supplant dam in editions It is with the 

passage from Lucreoet the latest example of dame » human mother* in 
English Notice how the passage In Lucrece supports Shakespeare’s author- 
ship of this passage in Ttlue, at any rate 

paUiament This word occurs only twice m English literature, and it has never 
been properly explained It occurs first la Feele’s Order of the Garter 

“Anon I saw 

A goodly king In robes most nehly dlght, 

The upper like a Roman paUiament, 

Indeed a chaperon, for such it was, 

And looking nearer 

An ancient badge of honour 1 espied^ 

A garter brightly glittering m mine eye " (lines 87-27) 

The context makes it quite certain that Peele is refemng to the 
robes of the Knights of the Garter, which m those days were purple 
Peele says m effect that Edward III in his purple robes of the Garter 
was like a Roman Emperor wearing the purple In the same poem 
Peele has the following passage 

“O Mtcred loyalty In purest hearts 
Thou bmld’st thy bowerl Thy weeds of spotless white, 

Like those that stood for Rome’s great offices. 

Make thee renowu’d, glorious In innocency “ (lines 318-317) 
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Here there is an obvious reference to thf white gown of the 
candidatuSt the candidate for office in Rome 

Now Titus has the following passage 

“ Ttiut Androntcusp the people of Rome, 

Whose fneod in iusUce thou hast euer heene, 

Send thee by mee their Tribune and their trust 
This Patliament of white and spotlos hue 
And name thee m election for the Empire 
Be CandtdcUus then, and put it on " (1 179-1 8fi) 

Here the palhament is obviously white What has happened is 
quite clear Shakespeare had read Peele’s poem on the garter and 
had got the two passages mixed up m his memory There remained 
in his mind vague recollections of a Homan garment called palliamerU 
and of Roman weeds that were spotless white He combined the two 
This may seim impossible, but every commentator on this pas- 
sage has done the same thing — they all declare that palhatnent m 
Peele and Shakespeare ahke means a wlute garment The NED is 
the more inclined to do so, because it dateb Ttiua 1588 and Peele’s 
poem 1593 For the NED Titus has the priority and determines the 
sense However, there cannot be the slightest doubt that the garment 
Peele had in mind was the red robe of the Knights of the Garter 
The word chaperon makes it indisputable Chaperon is a word for 
the hood of the garter robes 

The passage Is extremely important in two respects It shows how 
Shakespeare’s memory worked We see, also, with what consummate 
impudence he borrowed Roman-sounding words from his contenipo- 
ranes m order to create a Roman atmosphere in his play Further, 
It quite puts Peele out of the running as author or part author of 
Titus Peele would not misquote himself, nor would he allow this 
mistake to stand m any play m which he had a hand 

Smee wntmg this paper I have discovered that Bacon distin- 
guishes clearly between black and tawny {Sylva^ §399) But my 
conclusion remains that they were confused by the poets 

1 should like to take this opportumty to express my thanks to 
Professor J Q Adams of the Folger Library, Washington, for so 
kindly allowmg me to quote Quarto 1 

tJmvxBSiTT or MiomoAN 




ADDISON^S THEORY OF THE IMAGINATION 
AS ^'PERCEPTIVE RESPONSE/’ 

CLARENCE DEWITT THORPE 

W RITING in the DtcHonary of National Biography ^ many years 
ago, Leslie Stephen summarily disposed of Addison as a critic, 
and m so doing expressed with fair accuracy the majority opmion of 
the nmeteenth century “Addison's cntical doctnnes are obsolete," 
he declared tersely, and pro(eeded briefly to show why the onc-tunc 
acclaimed Augustan nuthonty might now be safely disregarded A 
later view is, however, rapidly superseding this disrepute into which 
Addison had fallen Mr Basil Worsfold may be given credit for 
reopening the case for Addison, when he calls him the first genuine 
English critic, who “did for cntieism what Descartes did for philoso- 
phy " ‘ Since then, among others who have spoken for Addison, 
though more guardedly than has Worsfold, are J G Robertson and 
E F Carntt Professor Robertson claims for Addison the beginning 
of a new aesthetics m England He was the first Englishman to con- 
ceive of the imagination as the basis of poetry, Robertson declares 
It 18 not too much to say that m the suggestive papers on the 
Imagination Addison laid the foundation of the whole Romantic 
aesthetics in England " * Professor Carntt traces Kant’s chief 
aesthetic ideas back to Addison, and to his successor Hutcheson 
From Addison, particularly, Kant got lus ideas of the subhme Con- 
cludmg a companson of Kant and Addison relative to the most valid 
elements m Kant's theory Carntt says, “All is Addison's except the 
style " * So it turns out that Addison as a critic is again a figure of 
interest, and is again being closely studied 

There is ample justification for this renewed attention For 
Addison stands in a peculiarly close relationship to later Romantic 
cntica and to those of our own day who are interested m discoveiing 

^ TXs Pnnctfpfo# of Cnkam (Qeorge AUeo, London, 1897), Chap V 
* Tk$ of iht Aornonlio Tke^ %n Sn^nd (Cambrt^, 1^), p 241 

• “EHocU in ^gland of Kanins Pluloaopby,” The Momeit 26 318 ff 
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scientific standards in criticism In his essay on the unagmation he 
made the most ambitious attempt up to his time to relate scientific 
psychology to aesthetic problems, hence to found cntual theory on a 
sound basis of the relationship of art to mental processes 

Very early in The Spectator papers, over a year before the papers 
on the imaguiation, Addison had enunciated a principle of taste 

for it u impossible that anything should be umversalty tasted and approved 
by a Multitude, tho' they are only the Babble of a Nation, which hath not in it 
some pecuhar aptness to please and gratifle the Mind of Man (No 70, May 21, 
1711) 

Here is the cntenon of universal appeal “Human Nature,” contin- 
ues Addison, “is the same in all reasonable Creatures, and whatever 
falls in with it, will meet with admirers amongst Readers of all Quali- 
ties and Conditions ” 

In The Spectator ^ No 409, printed two days before the opening 
paper on the imagination, Addison offers a definition of taste, raises 
the question whether taste can be cultivated, and suggests the neces- 
sity of discovcnng some fundamental pnnuple rather than applying 
mechanical rules for fomung judgments m literature “I think I may 
define it to be that Fatuity of the Soul, which discerns the Beauties 
of an Author with Pleasure, and the Imperfections with Dishke,” 
Addison wntes This faculty “must in some degree be born with 
us ” Some “who have other Qualities m Perfection are wholly void 
of this ” Those who have native taste must develop it Cntics stand 
m peculiar need of a developed taste 

I must confess that I could wish there were Authors of this kind who beside 
the Mechanical Rules which a Man of very little Taste may discourse upon, would 
enter into the very Spirit and Soul of fine Writing, and show us the several Souroes 
of that Pleasure which rises in the Mind upon the perusal of a noble Work 

In lookmg for these sources of pleasure we must recogmse that the 
Rules, however useful, are merely incidental 

Thus, altho' in Poetry It be absolutely necessary that the Unities of Time, 
Place, and Action, with other Points of the aame Nature, should be thoroughly 
explained and understood, there la still something more essential to the Art that 
elevates and astonishes the Fancy, and gives a Greatness of Mind to the Reader, 
which few of the Critioks besides Longtfm have considered 

Addison’s study of the imagmation is an attempt to discover this 
“something more essential” to art than the Kul^ can explain He 
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proposes, be wntes, to enter upon an “Essay on the Pleasures of the 
Imagination, wluch though it shall consider the Subject at targe, will 
perhaps suggi «t to the Reader what it is that gives a Beauty to many 
Passages of the finest Wnters both in Prose and Verse “ 

Thus Addison dehinits the problem he is to attack in the forth- 
coming papers He has clearly committed hinust If to an attempt to 
consider the psychological bases of beauty Por if he is to explain 
the exptneuce of beauty he must begin ivith a recognition that a 
certain type of mental activity or reaction (ommonly called “beauty” 
exists, and he ik bound to try to analyze the nature of tins activity or 
reaction, to define and analyze its causes, and to discove r how these 
causes produi e their effects 

He accordingly sets liimself to answer the specific questions im- 
phcit in his problem What objects in the t xternal world arouse the 
aesthetic, or imaginative, experience? What objects in art arouse 
it? How do they arouse it? In other words, what in the Consti- 
tution of our minds makes this pleasant expenence possible? What 
18 the nature of this experience How is the mind affected, how 
does it resjiond? 

Addison begins his analysis with the hypothesis that th( re are 
two ways to see things in the external world, one the imaginative, 
the other the uon-imagmative “Pleasures of the Imagination” are 
primary and secondary “Pleasures of the Primary Imagination” 
are such as occur in the presence of beautiful or great or novel ob- 
jects in nature, or of works of architecture “Pleasures of the Sec- 
ondary Imagination” are those which are aroused by literature and 
other representative arts * It is not given to ev eryone to expenence 

* A» he onginally conceived hiQ project Addition pUntted to give chief atteo 
tion to the ** Primary Imagination " Thu u made clear from a brief paaaage in 
the notebook version of the essay "We have already considered the first Division 
'Primary Imagination'] and shall therefore have no occasion to stav long 
upon the second, which has, as we shall see, so groat dependence on the former " 
(Campbell, J 0 , 5ow« Porhons of Swaya ConlrtbuUd to the Spectator by Mr 
Jooeph Adduon [Glasgow, 1864]) This was quite changed in the second draft, 
whera the sentence reads "We have already considered the first Division, and 
shall therefore enter on the other, whteh, for Distinction sake, I have called the 
de^oodary Pleasures of the Imagination" {The Spectator^ No 416) The reason 
for the change can easily be surmised In first considering his problem Addison 
obviously Intended to emphasise the things in nature which strike upon the 
itna^natlon By the lime he reworked his material for The Spectator ^ however, bU 
UHeresI was in adapting the principles of iroagtoative response to literary ciiii- 
eistt Once be bad entered upon this second phase of his subject, he found it 
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these pleaftvires^ at lea^it to their full extent Such good fortune ih 
reserve d for the man of imagination “ A Man of a Polite Imagina- 
tion IS let into a great many Pleasures, that the Vulgar arc not 
capable of receiving^* The pleasure Addison is talking of here is 
what we characterize today as aesthetic pleasure The faculty by 
which this pleasure is received is the imagination The function of 
the imagination m sue h activity is what I have ventured to designate 
as “perceptive response ” 

It should be explained, before we proceed further, that, though 
at the outset of his inquiry this function of the imagination is Ad- 
dison ^s main concern, before he is through he has considered the 
imagination both as an agency of creative perception and as a se- 
lective, forming faculty m the production of art The first of these 
was an adaptation of Lockt’s explanation of the secondary qualities 
of matter® Thi second was an adoption with vnnations, of the 
Baconian theory of ideal imitation • Neither one is so peculiar or 
so fundamental to Addison's thesis, however, as his idea of the 
imagination as the organ of taste and perceptive response I shall, 
therefore , in the pages that follow, lunit myself to an examination 
of this phase of his theory, with some attempt to indicate the psy- 
chological basis upon which he built and the sources from which 
he seems to have drawn ^ 

Addison nowhere m the essay gives a precise definition of his 
term ** Imagination He makes statements about it, tells what acts 

growing under hia hand, before be wae through, it had run into au eaaaya, aa 
againat five, including the introductory paper, in the first diviaion Much of this 
obviously came from aecond thought The latter part of the eaaay xa radically 
enlarged and altered from the original draft, additiona mcluding considerable 
parts of Nos. 416 and 417 much of 418, all of 419, nearly all of 420, and parts of 
421 How much the ooroplexion of the essay is changed by these additions may be 
inferred from the fact that new parts of 418 and the entirely new 419 (on The 
Fatry Way of WrUtny) contained most of what Addison had to say on the effects 
of the tragic and on the creative power of the imagination, and that the new 
material in No 420 covers Addison’s most important pronouncements on the 
sublime, the passages in which Professor Camtt finds the ongm of Kant's ideas of 
sublimity As was the case in the entJoion of poradue JOosf, some of Addison’s 
best and most individual ideas seem to have come after more mature reflection, 
when, launched upon his project, he saw new meanings and implications opening 
up before him, and, in the warmth of creative thought, dared to be original 

* The Spectator, No 412 

* Ibid , Nos 418, 419 

* This paper is a part of a longer study, in which I am inoludmg an examination 
of Addison's theory of the constructive functions of the imagination 
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upon it, describes the effects of sinh action, identifies it with fancy, 
but he does not definitely state its genus and differentiae Two 
years after the paper on the imagination he tells us, in a statement 
remarkable for the time, that the soul is a unity, that our manner 
of considering the memory, understanding, will, and imagination as 
separate faculties is a mere matter of convenience, since ‘Hhere is 
no such Division m the Soul it self,” for ”it is the whole Soul that 
remembers, understands, wills, or imagines ” * lo speak of an act 
of imagination, then, would merely mdicatt that the soul as a unit 
was performing in a certain way The faculty psychology is thus 
done away with at one stroke, and it simply remains to distmguish 
between imaginative, vohtional, and other types of mental activity 
Such a view would at once remove any obligation to define faculties 
of mind, and, if wt could believe that Addison had arrived at this 
position by the time he wrote the papers on the imagination, would 
greatly simplify our immediate problem Quite clearly in these 
papers, however, Addison is still talking in terms of separate fatui- 
ties The words ” Imagination” and “Fancy” he ust^s interchange- 
ably, but he makes a studied distmctum lietween th* imagination 
and the understandmg, and sets “Memory” and “Sense” apart 
from either The burden of defimtion then still remains 

We find help m arnvmg at Addison’s meaning m the first paper 
“The Pleasures of Imagination, taken m the full extent,” he says, 
“are not so gross as those of Sense, nor so refined as those of the 
Understanding ” This gives the imagination an intermediate place 
between sense perception and whatever intellectual acts would be 
comprehended under understanding Furthermore, the pleasures of 
the imagination, we are told, are easier to be acquired than those 
of the understanding We but open our eye, and the scene enters, 
the colors are painted on the fancy Little attention or apphcation 
of mind is required, the effect is immediate, automatic, requiring 
exercise of neither will nor reason “ We are struck, we know not how, 
with the Symmetry of any thing we see, and immediately assent to 
the Beauty of an Object, without enqumng into the particular 
Causes and Occasions of it ” This implies a faculty of mind once 
removed from sense which receives its impressions with the same im- 
mediacy as sense, but whose perceptions involve the element of pleas- 
ure, m spontaneous recognitions of eertam elements m its objects 
• The SpeettOoTt No 600, Sept 20, 1715 
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Wc learn, moreover, that the imagination is the pieture-making 
faculty It IS that part of our nervous orgamzation which receives 
and preserves images or vanes or compounds its matenals into new 
images The mind of man is so constituted that it takes pleasure 
m the^e constructions 

90 that by the Pleasures of the Imagmation or Fancy (which I shall uae 
promlaououaly) 1 here moan such as arise from visible Objects, either when we 
have them actually in our View, or when we call up their Ideas into our Mmds by 
Paintings, Statues, Descriptions, or any the like Occasion We cannot indeed 
have a single Image m the Fancy that did not make its first Entrance through 
the Sight, but we have the Power of retaining, altering and compounding those 
Images which we have once received, Into all the Varieties of Picture and Vision 
that are most agreeable to the Imagination, for by this Faculty a Man m a 
Dungeon is capable of entertaining himself with Scenes and Landskips more 
beautiful than any that can be found m the whole Compass of Nature * 

Literature is m general delightful m proportion as it has power to 
present images History and science likewise may become the 
subject of imaginative pleasure if the writer has the talent and judg- 
ment to present his matter pictonally Thus Livy descnbes every- 
thing 

in so lively a Manner, that his whole History is an admirable Picture, and 
touches on such proper Circumstances in every Story that this Reader becomes a 
kind of Spectator, and feels in himself all the variety of Passions which are cor- 
rej^ndent to the several Parts of the H^tiofn 

It is true that the plcasureii Addison attnbutes to joature and the 
arts, includmg literature, are not always clearly a&tinguiahed from 
rehgious and rational elements, even so we can safely say that, so 
far as we find it described in its purer form, imaginative pleasure 
with Addison is basically related to the picture-making function of 
mind 

The characteristic of this pleasure is a sort of nervous excitation, 
a state of heightened awareness m emotional apprehension In the 
presence of agreeable objects the man with a good imagination finds 
himself toned up spiritually and physically, his ^*Animal Spirits'^ 
arc set m pleasing and agreeable Motion”, any tendency to gnef 
and melancholy is dispersed, his soul is renewed m a sense of inner 
needs gratified If the object of his view is vast and stupendous 
he IB “flungmto a pleasing Astonishment at such unbounded Views, ” 
and he feels ”a delightful Stilness and Amaaement m the Soul at 

t iSpcctotor, No 411 » /bid , No 420 » IM , No 411 
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the Apprehension of them If, m addition, the object is new or 
uncommon "it fills the soul with an agreeable Surprise, gratifies its 
Curiosity, and gives it an idea of which it was not liefore posseased 
It serves us for a kuid of Refreshment, and takes off from 
Satiety " But Beauty is the crowning quality of all, for 
“there is nothing that makes its way more directly to the Soul than 
Beauty, which immediately diffuses a secret Satisfaction and Com- 
placency through the Imagination, and gives a Iinistung to anythmg 
that IS Great or Uncommon " 

It will be seen that, m harmony with his idea that the imagina- 
tion lies midway between sense and understanding, Addison^s “Pleas- 
ures of the Imagination" are almost as much an affair of body as of 
spirit When the mmd is presented with the corporeal, concrete form 
of those objects fitted to excite aesthetic feeling, physical is mter- 
mingled with purely mental response m mdistmguishable union 
This helps identify Addison's view, in respects, with modem theories 
of aesthetic pleasure as essentially the response of an organism to 
external stimuli, and with the “new philosophy" which had pre- 
ceded him, so far as it sought a mechanical explanation for emotional 
effects Indeed, Addison’s theory bears remarkably close relation- 
ship to certam phases of the psychology of Hobbes, Descartes, and 
Locke, and can be best understood through reference to their dis- 
coveries I wish, therefore, to devote much of the rest of this paper 
to a brief exammation of some of the ideas of Hobbes, Descartes, 
and Locke for the nature and extent of possible mfiuenoes upon Ad- 
dison in developing his basic theory 

Soott-James declares that, in his conception of imagination, Ad- 
dison merely went to Locke and Hobbes and took over hts idea 
ready-made He then quotes Hobbes’ statement for imagination as 
memory to mdicate the ongin of Addison's idea And, adds that 
enUe m disdainful accents, “decaying sense is a pretty poor sub- 
stitute for the processes of the creative imagination " But one 
will look long in Hobbes for an equivalent to the imagination here 
described Imagination, with Hobbes, is different things at different 
times It, or what Hobbes on occasion makes its equivalent, fancy, 

tt 412 

« » /(ad 

SootWanies, P A » Th* Mttktng oj IMtraiurt (Henry Holt and Ccaapany, 
Kew York, 1020), p ISl 
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IS oHRinal perception, “ it is retained imagery or memory, it is 
compounded imagery, ** it is a faculty which selects and brmgs to- 
gether materials from the whole field of oxpenence, to form, with the 
aid of judgment, new combinations, it oven seems, upon occasion, 
to be Wit But of the imagination as an instrument of a special 
perceptive process involving pleasurable response, Hobbes had only 
a faint conception Mr Scott-James* naive, umnformtd judgment 
that Addison does little more than borrow the Hobbes theory of 
imagination as memory is so untenable as to be almost incred- 
ible 

It 18 true that from Hobbes Addison probably derived much, 
both directly and indirectly He knew Hobbes well, wrote of him 
with approval, sometimes echoed his phrases He undoubtedly got 
from Hobbes some very important ideas and suggestions The most 
obvious of these are to be found in Hobbes* speculations upon the 
problem of pleasure and pain 

Hobbes goes further in an analysis of the phenomena of pleas- 
ure and pain than had anyone up to his time Though the apphea- 
tion of his findings is only incidental — for his pnmary aim was 
not to analyze artistic processes — his ultimate achievement was to 
lay a firm foundation for a psychology of aesthetic response Hobbes 
associates pleasure and pain (other than the kmd that proceeds im- 
mediately from sense impression) with the passions His approach 
is essentially physiological Pleasure and pain are the result of mo- 
tions to the heart The effects of a quickening of vital motion in- 
duced by motion of sense are pleasure and, hence, appetite, but the 
effects of a slackening or a hindenng of vital motion are pain and 
aversion*' The appetites and aversions constitute our passions 
The passions, then, are inseparably Imkod with perceptions of pleas- 
ure and pain “ all appetite, desire and love, is accompamed 

** Letnoihan^ Fart I, ChSp b m The Snf^h Works of Thomaa Hobbee, collected 
and edited by Sh William Moleaworth, (John Bohn, London, 1839), 111 2 This 
edition ia hereafter referred to In thi« article as *' Moleaworth ’’ 
tbtd 1 1, li, in Molesworth, HI 4-6 

« /M . I, U, to Molesworth, III 7 

'* Spingam, J B , Answer to Davenant” and Virtues of an Heroic Foem,” 
Crtlicai Sssaye cf the iSeverdeenih CeiUuryf II 5^-00 
LsruUAan, I, viii, to Molesworth, 111 r66-0O 

The SlemerUs of PhUoeophy, in Molssworth, I 406, The SUmenie of 
taw, edited by Ferdinand XSnnies (Gambridce, At the University Press, 1028), 
I, vii 22 
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with 8ome delight more or less, and all hatred and aversion with 
more or less displeasure and offence ” 

The passions, once estabhshed, may be the originators of action 
A liappy life is characterized by livdy appetites and eager “motion 
toward ” ** The demental pleasurable and ntgative responses arc, 
however, more nearly the product of passive reception Hobbes at 
one point ascribes the sensations of pleasure and pam to an addi- 
tional sense, the result of mechanical motion from without upon the 
nerves and muscles of the heart “But there is another kind of sense, 
of which I will say something in this place, namely, the sense of pleas- 
ure and pain, proceeding not from the reaction of the heart outwards, 
but frojm continual action from the outermost part of the organ to- 
wards the heart ” ^ Such a statement could hardly have escaiied 
the attentive eye of Addison, and may well have reinforced ideas 
derived from Locke and Descartes of an internal sense or faculty 
havmg to do with eff( cts of pleasure and pain 

Scattered through Hobbes^ wntuigs are many passages bearing 
upon the nature of aesthetic pleasure and its causes He discusses 
the delight to be had from novelty and the consequent satisfaction of 
curiosity, analyzes the sources and the peculiar quality of laughter, 
inquires into the pleasure which lies in the painful and tragic and 
in the elevated language and stimng events of a heroic poem Hobbes 
does not, however, osenbe these pleasuns, as does Addison, to the 
imagination He occasionally uses the term Pleasures of the 
Mind,” ** which admittedly may have helped Addison in formu- 
lating his phrase In one place he even* uses the almost iduitical 
” pleasures m the imagination”** His meanmg, here, howtver, is 
hmited to pleasures which are enjoyed m anticipation, such as the 
imagrnation of fame after death Hobbes* service to Addison, then, 
so far as the imagination a« perceptive response is concerned, was 

** Ijm^iaihan, in Molssworth, lU 42 SUmentt L x 22 

** The SlemmUe o/ Philoeophyy in Molesworth, 1 406 
* Sea LepuUhant I, vi, in Moleeworth, III 43 
*• /6wl , I. xi, In Mol«worth, HI 87 

** Perhaps one of the nearest approaches to Addison's idea of the imagination 
as perceptive response ooeurs in Tk$ Whole Art of RhetonCt Chapter IX, where 
Hobbes at least suggests a pleasure tn images formed in the imagination 

“Forasmuch as there is nothing more delightful to a man, than to find that 
he apprehends and learns easily, it necessarily follows, that those words are tuost 
grateful to the ear, that make a man seem to see before his eyes the things sig- 
nified" (Molesworth VI 406X 
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to help open up to him the whole problem of pleasurable response, 
to suggest to him something of a method of approach^ and to furnish 
certain imjiortant elements for his theory But Addison m no wise 
found his theory ready-made m Hobbes 

His debts to Locke and Descartes are quite as great, if not greater, 
and are at points even more direct Tht Sheldonian oration suggests 
that it was Descartes as much as anyone who taught Addison the 
virtues of honest doubt Descartes, it will be recalled, held “That 
m order to seek truth, it is necessary once in the course of our hfe 
to doubt as far as possible of all things ” ** This note constantly 
recurs in Descartes' writing Locke in turn taught the virtues of 
release from authority in an unprejudiced search for truth “This 
I am certain," he says, “I have not made it my business either to 
quit or follow any authonty in the ensuing discourse truth has been 
my only aim, and wherever that has appeared to lead, my thoughts 
have impartially followed, without mmding whether the footsteps 
of any other lay that way or not " *• 

Locke’s constant insistence that the way to all real knowledge 
18 exiienencc, that there are causes for all mental effects if we can 
but them, and that the way to discovery is through the empiri- 
cal method of introspection can hardly have failed to shape Ad- 
dison’s approach to his study of the pleasures of the imagination 
One would suspect this even were there no evidence of definite in- 
fluence through Addison’s own testimony For example, the follow- 
ing might be taken as the major premise for Addison's reasonmg 
on the imagmation • 

Now pleasure and pain are produced in vm by the operation of certain 
objects, either on our minds or our bodies, and In different degrees * 

M Tks Trtnetpiet of Phdocophy, opening statement 

** Under the heading *' Men must think and know for themselves,” Of Human 
UTidantandmg, Book I, Chap Iv, Sec 23 (t am using the Bohn e^Uon of 
Locke ) Again Ix>oke (ibid ) writes “Not tl^t 1 want a due respect to other 
men’s opinions, but after all the greatest reverence Is due to truth and I boj;>e 
it wtU not be thought arrogance to say, that perhaps we should make greater 
progress in the discovery of rational and contemplative knowledge, if we aooght 
it in the fountain, In the consideration of things themselves, and m^e use rather 
of our own thoughts than other mens to find it, for I think we may as rati<mally 
hope to see with other men’s eyes, as to know by other men’s understaading “ 
Here is a passiige that might l^ve been jpAaced as a motto over the essay on 
the Imagination For much as he is here indebted to others for both general and 
parUcular ideas, Addison (s in the end searching out for himseU a new explanation 
of taste and tbs phenomena of aesthetic pleasure Op , II, xx, ^ 41 
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There are other passages in Locke which strongly suggest in- 
fluence on Addison m his speculations Discussing the "modes of 
pleasure and pain/* Locke pomts out that, just as in the body there 
IS bare sensation m itself, or "sensation accompanied with pain or 
pleasure, so the thought or perception of the mind is simply so, or 
else accompanied also with pleasure or pain, delight or trouble, call 
it how you please ** Paraphrasing Hobbes,** Locke goes on to show 
how such accomputuments become associated with our ideas of good 
and evil Those moral implications, however, arc of small concern 
here What is important is the suggestion for investigating these 
sensations, which Locke holds can be neither described nor defined, 
and can be known only through introspection "Pleasure and pain 
and that which causes them are the hinges on which our fias- 
sions turn and if we reflect on ouraelves and observe how thse^ under 
various consideraiwmt operate tn us, what modifications or tempers of 
mind, what internal sensations (if I may so call them) they produce tn 
uSf we may thence form to ourselves the id* as of our passions ** ** 
This 18 a spnngboard from which Addison could have taken off I or, 
as we have seen, Addison addressed himself defimtely to a phase of 
the problem here stated of defining, through reflecting on the mind 
Itself, the peculiar internal sensations of pleasure which attend our 
perception of agreeable objects in nature and art 

Moreover, though Ixicke in general shows a fundamental distrust 
of the imagination ** (or fancy — he uses the terms interchangeably), 

« Jbid , n, XX, Sec 1 

• Ibid, 1, vii. See 3 

" Ibid , 11, XX, See 8 The italics are mine 

** Locke's conception of imaginative literature is not a flattering one Grudg- 
ingly, in a passage made up of doely weighed concessions and negations, he ad- 
mits certain claims to literature purely on the basis of its power to give delight 
and tendency of men to demand that which pleases them ‘‘Since wit and 
fancy find easier entertainment in the world than dry truth and real knowledge, 
figurative speeches and allusions in language will hi^y be admitted as an un- 
p^eoUon or abuse of if' {Of Human Unisrstanding, III, x, Sec 34) Locke 
amieani to have rejected quite definitely the tradittoual neo-classic theory of the 
value of art in teaching On the oontrary, he sharply distingui^es discourse 
daslgned to present truth from "eloquence," which is of use only to entertain, 
to be avoided wherever the mtentioD is to inform or instruct (In oontrast with 
Eobbei^ who related the quick ranging of mind which is joined with ouHosity, 
and the desire to learn in general, with a good wit, which comprehends both juclg- 
ment and fancy CTks SlmsntsefLtM, I, x, Sec 4] ) "All the art of rhetoric — 
att the artificial and figurative application of words" to be found in eloquence 
*^are fbr notHikg eUe but to tnsmuate wrong ideas, move the panions, and thereby 
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he nevertheless recognizes that works of imagination give a pleasure 
distinct from and more universal than those of reason Locke does 
little to explain this pleasure, his remarks to the point proving upon 
examination to bt the merest generalizations Even so they contain 
phrases from whuh Addison may have derived fruitful suggestions 
for parts of his theory For here we find, at least implied, two basic 
elements of Addisonian view first, acsthi tic pleasure from works of 
wit (fancy or imagination) arc assigned to the fancy (imagination) 
itself, second, the "beauty’* of siuh works is immediate and effort- 
less, involving the intervention of neither will nor reason It is the 
function of wit, Locke writes, in his explanation of the difference 
between wit and judgment, to put together with quickness and 
variety ideas m which it finds resemblance or congruity, "thereby to 
make up pleasant pictures and agreeable visions in the fancy ** 
Again, he speaks of metaphor and allusion as makmg up so large a 
part of the pleasantry of wit, which strikes so lively on the fancy, 
and therefore is so acceptable to all people ” This is true, he goes on 

mifllead the judgment, and 00 indeed are perfect ohoata ( I f I* x, Sec 34 ) Locke can 
only obaerve with regret that the universal fondness for such arts of fallacy shows 
'^how little the preservation and improvement of truth and knowledge is the care 
and concern of mankind ’* With the general preference against himi Locks quite 
realises the futility of resistance, however, and admits as much "1 doubt not 
but it wiU be thought great boldness if not brutaUty in me, to have said this much 
against it,” he writes (tbtd ) ” Eloquence, like the fair sex, has too prevailing 
b^uties in it to suffer itself ever to be spoken against, and it is in vain to find 
fault with those arts of deceiving, wherein men find pleasure to be deceived ” 
(liocke’s terms fur the arts he here reprobates are "rhetoric” and "^oquence,” 
with only a general reference to "wit' and "fancy ’ There can be httle doubt, 
however, that he had In mind all fictitious as well as ornamental discourse ) 

It is hardly to be surmised that a man with so low an opinion of the htenuy 
arts would hold the imagination m great esteem Granting full credit to the 
constructive powers of the mind in forming complex ideas, he nevertheless makes a 
distinction between complex ideas that are real and ideas that are Imagmary, or, 
to use another term, fantastical "Fantastical or chlmertcal, 1 call such ideas as 
have no foundation in nature,” he explains (II, XXX, Sec 1) Dreams and fancies 
are thus constantly set off, at least by impboation, from the reabties of tJbdngs. 
Alert to the fact that his argument that knowledge is only the perception of the 
agreement or disagreement of our own ideas will lay him open to the charge of 
espousing a theory that fails to distinguish between the false and the true, be- 
tween the visions of the enthusiast and the reasonings of the wise he sets out 
to show that "this way of certainty by the knowled]^ of our own Ideas, goes 
a Uttle further than bare imagination” (IV, iv, Secs 2-^) Simple ideas from 
actual objects, either derived through sense while the object is present, or through 
memory if the object la absent or past, form the maMal for true knowledge 
The mmd must ever be on guard against the semblances which fancy ad^ to 
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to say, beraiwe it** beauty ap|)ear8 at first sight, and there is required 
no labor of thought to examine what tnith or reason there is m it 
rhe mind, without looking any further, rests satisfied with the agrec- 
ableness of the picture and the gaity of the fancy '' " 

Addison made considerable use of the passage in \\hich thfse 
statements occur in his papers on Wit (specifically The Spectator, No 
62) , and his expn ssiou of the munediacy of the appeal of beauty in 
The Spectator, No 411, cited earlier in this article, sounds mur h like a 
paraphrase of Locke There can be small question of Locke's influ- 
ence Yet Ijocke's failure to develop his kails or to make application 
of them leaves him m the position of one who, almost by ihance, has 
thrown out ideas the importance of which he fails to gnusp or in 
which he has too little interest to stimulate him to proieid to con- 
clusions It remained for Addison to perceive their imphcations and 
to utilize them in de\ eloping a more complete aesthetii the ory 

It should be noted, too, that Addison’s view of the imagination 

ideas, however “There are so marvy ways of fallacy such aria of giving colours, 
appearances, and resemblances by their court-dresser, the fancy, that he who is 
not wary to admit nothing hut truth itself cannot but be caught * {Of the 
Conduct of the Human Undereianding, Sec 33 CHohn, I 893) 

It is true that Ivockc admits one form of authentic ideal construction which he 
clearly designates as imaginative This is the complex idea, discussed under the 
head Modes’' (0/ Human Under »iand%n^, III, v), winch, smoe it precedes 

the actual experience, originates wholly in the mind Thus, before men knew 
the things, they had ideas of incest, murder, and treason Adam's invention 
of the terms “kmneah’ and “mouph" wiU illustrate the principle (III, vi, Secs 
44-47) Adam observes the melancholy of liamech and imagines it to arise from 
a suspicion ho has that his wife Adah has too great kindness for the man In 
expressing his suspicions to Eve he makes use of the two new words “kinneah” 
and “niouph,' the one standing for suspicion m a husband of his wife’s disloyalty, 
the other for the act of committing disloyalty The event proves that Adam s 
suspicions were without basis, but the ideas he had formed were none the less 
adequate The word ’kinneah,’ for example, was a combination of simple ideas, 
which Adam, ^'without to any archetype, without respect to anything as a 
pattern, voluntarily put together, abstract^, and gave the name kinneah to, 
to exprew in short to others, by that one sound, all the simple ideas contained and 
united in that complex one His owm choice having made that combination, it 

had all in it that he intended it should, and so could not but be perfect, could not 
but be adequate ” (HI, vi, Sec 44) This process of forming and naming 
ideas Locke oonsiders quite different from the marking and naromg of substances 
as of the hard, glittering, yeUowish substance broi^t to Adam by one of his 
children, to which he ap|d^ the term **sahab ” In the first cose Adam *'^te 
ideas together only by his own imaginatioa*', in the other, he usee ideas from 
actual existence Yet one is as valid as the other (HI, vi, 44r40) 

* Of Human Understanding, 11, xi, Sec 2 
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differs in important particulars from Locke's Where Locke dero- 
gates, Addison digmfies, the imagination," where Locke conne<t8 
the imagination with a certain type of ideas of reflection, very likely 
false, Addison regards it primarily as a picture-receiving, picture- 
retaining, picture-building faculty, uiseparably related to aesthetic 
response Let us recall, too, that with Addison the imagination lies 
midway between sense and understanding, in its activities gross 
than sense, less refined than understanding — an idea not to be 
found in Locke Some of these modifications in Addison's conception 
may, no doubt, be attnbuted to his own thinking, others may be 
traced to Hobbes , still others, and very important ones, as wc shall 
see presently, to Descartes, whose theory, embodying as it does some 
of the best ideas m medieval psychology, with certain unique addi- 
tions, contained much for Addison to draw upon in framing his 
aesthetic 

Descartes' imagination is not always one thing Basically, he 
conceived of something like a hierarchy of sense, imagination, and 

* Looke 8 Btand m giving the fancy an inferior position to reason should be 
distinguished from both Descartes and Addison's thought on the matter Ixicke 
is thinking of the two faculties as unequal on the same level, as if occurring in two 
unrelated realms or compartments of the mind Desoartee, on the other hand, 
regards them as unequal in an ascending order, closely related in that, so far as 
sensible ideas are oonoemed, the fancy (imagination) supplies the reason (or 
intellect) with materials, and on occasioQ may receive impulM and ideas from it 
In Addison's view the notion of inequality largely disappears He does, indeed, 
like Descartes, think of the imagination (fancy) as operating between sense and 
the understanding, and his qualification that the imagination (fancy) is less gross 
than sense, leas refined thw the understanding, suggests an ascending scale 
He also ventures the assertion that the pleasures of the understanding are prefer- 
able to those of the imagination, since they come from acquirmg some new 
knowledge, but he imme^tely qualifies this statement by confessing that the 
pleasures of the imagination are as great and transporting as the other And, 
altogether, he assigns to the fancy-imagination a dignity and an integrity which 
entitle it to our full attention and respect Indeed, he clearly shows, in full 
opposition to Locke, that even historical and philosophical works gam m value 
when imbued with the light and grace of the imaginative touch It is this tend- 
ency of Addison s to dignify the imagination that marks as much as anything 
his advance over his predecessors. No one can read the entieism of MUton, erf 
Shakespeare, and of the old ballads and the essay 6n the Pleasures of the Imagina- 
tion and doubt that to Addison works of the imagination have rights and values 
of their own at least equal to those of the reason Addison maintained for 
imaginative creation and response the undeniable importance and respectability 
of divine law operating through human minds. He rendered unique service in 
helping to lay the specter of fear and distrust of the imaginative faculties which 
cinM w days of PUto bad periodically haunted men's min^ 
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understanding, with the imagination occupying an intermediate posi- 
tion between sense and understanding ” He at one point says that 
sense, imagmation, memory, and understanding are simply different 
names for one unifying agency — the cognitive faculty Ordinarily, 
however, he talks of them as separate faculties 

One of the most direct definitions of imagination in Descartes 
occurs in the Medtiaitom 

Further, the faculty of Imagination which I poaaesB, and of which, experience 
telle me, I make uee when I apply myself to material things, is capable of per- 
suading roe of their existence, for when I consider attentively what imagination 
IS I find that it is nothing but a certain application of the faculty of knowledge 
to the body which is Imm^iately present to it ** 

The phrase application to the body" is of importance, for Descartes 
makes a good deal of the * corporeal" affinities of the imagmation, 
meaning evidently both its nearness to the external world, as com- 
pared with the understanding, and its power to present to the mind 
ooncrete sensuous imagery Descartes illustratc^s 

When I imagine a triangle, 1 do not oonoeiverit only as a figure compre- 
hended by three lines, but I also apprehend these three hties as present by the 
power and inward vision of my mind, and this is what I call imagining 

The idea of corporeal quality of the imagination receives modification 
in an explanation of the modes in which pure intellect and imagina- 
tion work In its intellectual activity, says Descartes, the mmd "in 
some manner turns on itself and considers some of the ideas which it 

It must not be supposed, of course, that this conception originated with 
Descartes. It is at least as old as Aristotle, who in the Z>s Amma regards phantasy 
particularly m the realm of the higher soul, as operating between 
sensation and conception, deriving its primary matenals from sense, and in turn 
presenting its pictures ( phantascms) to the understanding Thus, " to the thinking 
soul i^ntasms serve as present sensations" (Hicks’ trai^tion, Cambridge, 1907, 
p 141), so that under their influence "you oaloulate as though you had the ob- 
jeots More your eyes 143) After Aristotle the idea of the imagination 

as a middle term (often one of two or more) between sense and intellect recurs 
frequently, usually in modified form, as In the eclecUo psychology of the Chnstian 
NaopUtonists St Augustine and Bo^us, and in the elaborate faculty psychology 
of the Middle Ages, represented by Avicenna, Averrofis, and Aibertus Magnus. 
Bobbeflf, himself, so far as he identifies the Unagmation with memory, is really 
In the tradition Descartes, however, most clearly developed the theory for the 
modem world, and it is to iita that we can logically look for the most immediate 
influence tm Addison 

** Th§ Fhnid« 0 phMiU Work$ cf Dstoorfss, translated by Elisabeth S Haldane 
and GET Ross (Cambridge, At the University Press, 1911), I 186 This 
work is hereafter referred to as “Haldane wwi Ross ” " /bid. 
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possesses m itself, while in imagining it turns towards the body, and 
there btholds in it something conformable to the idea which it has 
either conceived of itself or perceived by the senses But the mod- 
ification here is merely to the effect that the imagination may upon 
occasion conceive its own ideas, as well as receive them through the 
senses Descartes, of course, had a theory of innate and other mmd- 
bom ideas, along with his sensationalism Elsewhere, we find that 
the understanding, too, may supply the imagination with materials 
The senses, however, at either first or second hand, furnish the 
imagination with most of its ideas In addition to formal mathemati- 
cal objec ts, such things are imagined as colors, sounds, scents, and 
pain **And inasmuch as I perceive these things much better 
through the senses by the medium of which, and by the memory, 
they seemed to have reached my imagmation," Descartes explains, 
believe that, m order to examine them more conveniently, it is 
nght that I should at the same time investigate the nature of sense 
perception {Mediialtons, VI) Here memory aids sense in 

supplying the unagination with matenals It is illustrative of the 
difficulty we face in attempting exact definitions of terms m a man 
like Descartes, that in the Rules for Direction we find him declanng 
of the imagination (or fancy), “Here we give this faculty the name of 
memory “ 

Descartes' accounts of sense perception and the imagination vary, 
but it 18 unnecessary to trace distinctions here The relevant facts 
are that imagination and sense and understanding are distinct Stim- 
uli enter the mmd by way of the external senses — the organs of the 
eye, ear, nose, and so forth The impressions created on the structures 
of these organs are transmitted mtact to the “common sense” 
{communis eensue), a nervous orgamzation fitted to convey images 
and ideas to the imagination and the understanding The “common 
sense” has m turn a “function hke that of a seal and impresses on the 
fancy or imagination, as though on wax, those very figures and ideas 
which come uncontaminated and without bodily admixture from the 
external senses ” ^ As to the functions of the imagination, it can 

** The Phtheophtcal Werka of Denearieet transUtod by Ehsabsth S Haldane 
and O R. T Ross (Oambndge, At the X7nive»ity Frees, 1011), I 186 

The PnigiplM of PkOoeopky, CXQ, in Haldane and FUm, 1 200-201 
** Haldane and Ross 1 37 

" Ruleafor thredeon, In Haldane and Rooi, 1 87-38 
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store and re-create images, as memory, it can excite the nerves and 
bodily organs to activity, it can furmsh the understanding with 
ideas and images, it can bnng to birth new structures in three 
of these respects it is distmct from sense and understanding and, 
perhaps we may safely adduce, is not so gross in its operations as 
sense, yet not so refined as understanding 

In Descartes^ conception of the power of the imagination to excite 
nervous activity we find his nearest approach to Addison's theory of 
the imagmation as an agency of perceptive response lor here 
Descartes assigns to the Imagination the power to arouse the passions, 
the passions in turn are directly associated with the sensations of 
pleasure and pain 

Sensations of pleasure and pam are of two sorts first, those 
which derive from external excitation of the senses, second, those 
which result from a recognition by the intellect of some fruition of 
good or evil All sensory stimulation produces motion, which is 
transmitted from the external senses to the “common sense" — evi- 
dently the nerves are moved more vehemently than usual, yet in such 
a way as not to injure the body — and there is produced "a sense of 
gratification, which is naturally agreeable to the mmd, inasmuch as 
it gives evidence of the powers of the body to which it is joined ” If, 
however, the stimulus is such that the body is in some way hurt , the 
contrary sense of pam occurs 

Descartes conceives of the passions as likewise physical Here, 
It IS true, the understanding usually intervenes, but the imagination 
becomes an agency for the excitation of the sensation of pleasure or of 
pain The six “pnmitive passions" are wonder, love, hatred, desire, 
joy, and sadness, all the others are species of these, and need not be 
considered separately from them ^ These passions are, Descartes 
holds, emotions which, though they are of the soul," are caused by 
the spints and depend on the body, and should be clearly distm- 
guished from odions of the mind, such as judgments which “mduce 
the soul by its own free will to umte itself with the things which it 
esteems to be good, and to separate itself from those it holds to be 
evil, and from the emotions which these judgments excite of them- 
selves in the soul " ^ 

** Th 4 Pa8non$ of tho Sottlf LXIX, in Ilaldane and Ross, I 863* 

* /W. XXVn, In Haldane and Roee. I 844 
« /8id,LXXIX, in Haldane and Rose,! 366. 
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The close relation which Descartes conceives to exist between 
purely jjhysiological responses and the passions is shown in a remark- 
able exposition m his Principles of Philosophy^ CXC Here, too, 
he clearly relates the term “internal sense “ to the passions and 
designates the imagination as the mainspring of this sense and of the 
passions, hence of the emotions of pleasure and pain 

Descartes, in tins passage, gives man five “ external “ and two 
“internal “ senses One of the mtemal senses consists of the nervous 
system, which extends to the digestive tract “and other interior 
parts that serve our natural wants “ Similarly, “ Tlie minute nerves, 
which extend to the heart and the neighborhood of the heart, operate 
m the other mtemal sense which embraces all the emotions of the 
mmd or passions “ He thus desenbes the process 

When the blood i« pure and well tempered, so that it dilates m the heart 
more readily and strongly than usual, this so enlarges and moves the little nerves 
scattered around the orifices, that there is thence a corresponding movement in 
the brain which affects the mmd with a certain natural sense of oheer fulness, 
thus the imagination of the fruition of some good does not contain in itself 
the sensation of joy, but it causes the animal spirits to pass from the brain to the 
muscles in which tbeqe nerves are Inserted, and thus dilatmg the orifices of the 
heart, it causes these small nerves to move in the manner which necessarily pro- 
duces the sensation of joy 

Thug good news is first adjudged good by the mind with mtellectual 
joy When this mtellectual joy proceeds (from the understanding) 
to the imagination, “the spirits flow from the brain to the muscles 
about the heart and these excite a move meat in the small nerves by 
which another motion is excited m the bram which gives the soul the 
sensation of ammal joy “ 

It should be noted that the pleasurable emotion here described 
as ansmg through intervention of the imagmation is distinguished 
by Descartes from “intellectuai joy “ In further exposition he makes 
this distinction even more clear 

When we are given news the mind first Judges of it, and if it Is good it rejoices 
with that mtellectual joy wldoh is Independmt of any emotion of the body ** 

Defining “joy,“ m The Possums of ike Soidf he desenbes intellectual 
;oy as an “agreeable emotion of the 0oul|“ at the perception of good, 
but at once admits that this mtellectual pleasure is almost mvanably 

The PnncipUs of Phtlowphy, CXC, in Haldane and Roes, 1 290-291 
Pnd , p 291 
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accompanied by a physiological response initiated by the imagina- 
tion 

for aa soon as our understanding perceives that we possess some good thing, 
even although this good may be so different from all that pertains to body that it 
is not in the least capable of being imagined, imagination does not fad inunedt 
ately to make some impression in the brain from which proceeds the movement 
of the spirits which excites the passion of joy 

In both of the passages I have cited, the intellect or soul is intermedi- 
ary between the onginal cause of joy and the physiological passion 
induced by imaginative excitation This, of course, does not parallel 
Addison's view, for with Addison imaginative response, at least so 
far as objects of the primary imagination are involved, is direct, with- 
out intervention of the intellect “It is but opening the Eye and 
the Scene enters", we “immediately assent to the Beauty of an 
Object, without enquirmg into the particular Causes and Occasions 
of It " 

Descartes goes on to point out, however, that there are cases 
m which pleasure is excited without any apparent recognition of good 
or evil by the intellect It often happens, he explains, that wo feel 
sad or joyful without observing the good or the evil which is the 
cause — “when this good or evil form their impressions m the brain 
without the intermission of the soul " Gaiety, he says, may pro- 
ceed “from no function of the Understanding, but only from the 
impressions which the movement of the spirits causes in the brain " “ 
In such cases “the titillation of the senses is so nearly followed by joy, 
and pam by sadness, that the greeter part of mankind does not dis- 
tinguish the two " The cause of this phenomenon is that “all that 
we call pleasurable sensation or agreeable sentiment is simply due to 
the feet that the objects of sense excite some movement m the nerves 
which would be capable of harming them had they not strength suffi- 
cient to resist the movement " Descartes tontatnely extends this 

XCI, in Hsldane and Boss, I 372 It was this quite constant tendency to 
relate the paesione and the imagination to physical activities which Descartes 
^owp, in common with Hobbes and Locke, that caused Shaftesbury to speak 
diidalnfuUy of the philosophers of the new school as “these Physiologists , Addi- 
son, on the contrary, heard such doctnne gladly It helped him to a solution ef 
bis main problem in the essay on the imagination that is, What is it that excit^ 
our pleasure in beautiful objects in nature, and what is it that gives a pleasure 
to bMutiful in UteratureT 

•• Th$ a« Send, XCIII, in Haldane and Roaa, I 373 

« /»id,XClV,inBid<lanaandRoat,I 873 
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pbyHiological explanation to include the pleasure to be had from art 
*^It iH almost the same reason,” he says, which brings it about that 
we naturally take pleasure m being moved by all sorts of passions 
when these passions are only caused by the strange adventures which 
we sec reprcsente<l m a theatre, or by other similar means which 
seem pleasurably to excite our soul m affecting it ” 

Tlius not only could Addison have had from Descartes authority 
for speaking of agreeable impressions received from objects of sense 
as pleasures of the imagination, but he could likewise have had from 
him suggestions for designating the impressions received from litera- 
ture as imaginative rather than intellectual This appears oven more 
clearly in a passage m the Principles of Philosophy Words, whether 
spoken or written, says Dciicartes, explaining the power of motions 
from objects to aroust feeling or sensations independent of direct 
imagery from the body causing the motions, excite m us all sorts of 
thoughts and emotions On the same pa|)er, simply by moving the 
pen this way or that, a writer can bring to the minds of his reiuiers 
images of battles, tempests, and funes, or sensations of quietude, 
peace, and pleasantness, or yet again the passions of love and joy 

Someone will perhaps reply that writing and speech do not immediately 
excite any passion in the mind, or imagination of things different from the letters 
and sounds, but simply, so to speak, various acts of the understanding, and from 
these the mind, making them the occasion, then forms for itself the imaginations 
of a variety of things But what shall we say of the sensations of what is painful 
and pleasurable? If a sword moved toward our body cuts it, from this alone 
pam results which is ccrtamly not less different from the local movement of the 
sword or of the part of the body which is out, than are colour or sound or smell or 
taste And therefore, as we see clearly that the sensation of pain is easily excited 
m us from the fact alone that certain parts of our body are locally disturbed by 
the contact with certain other bodies, we may conclude that our mind is of such a 
nature that oertam local motions can excite in it all the affections belonging to all 
the other senses ^ 

The upshot of this argument is that the symbols of language 
have power so to excite our nervous organisation as to produce 
directly, without the intervention of the understanding, imagina- 
tive response Neither the argument ner the conclusion is too clearly 
formulated, to be sure, but, even so, the moaning emerges Descartes 
is intimating a theory of representative art, m which objects are pre- 

** The Pa$$uma cf the Sotdt XCIV, In Haldane and Ross, 1 873 

M The PnneipUe of PhUoeophy, CXVIl, in Haldane and Hose, 1 294 
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Bented through symbols which re-create m the mind of the reader 
not images of the symbols but images, emotions, and associations 
belonging to the object represented 

It will be readily seen that Descartes is m certain phases of his 
theory on ground that is very near Addison indeed It is true that 
m touching upon the functions of the imagmation and the inter- 
nal sense'* Descartes only skirts the issues involved m Addison's 
later theory, but his implications cannot be questioned Aesthetic 
pleasure is a direct effect of nervous rtsponse to external Htimuli, 
and the imagmation is the agency through which this pleasure is 
excited Such effects may therefore, without stretching the point 
too far, be called “Pleasures of the Imagination " 

Thus we find in Locke and Descartes and, to a lewr extent, 
m Hobbes, the comixmenta that enter into the psychology upon 
which Addison built his conception of the imagination os percep- 
tive response All three had considered in one way or another the 
problem of pleasure and pam, all three had more or less pomtedly 
related pleasure and pam to the passions, all had ascribed the < apac- 
ity to experience those emotions to a sort of sixth sense, or to mtemai 
sense or sensation Locke particularly had invitod investigation, 
through the introspective method, of the true nature of this com- 
plex phenomenon Descartes had furnished most clearly the con- 
ception of the imagination as an intermediary between sense and 
understanding, though this is also implicit in Hobbes, and it was 
Descartes, too, who had gone so far as to link the imagination with 
mtemai sensations of pleasure and pain, extending this function, 
somewhat tentatively and obscurely, to be sure, to thi enjoyment 
of literature 

Yet, though the psychological basis is here, the completed con- 
ception IS not Addison's theory is eclectic It cannot be facilely 
traced too exclusively to Hobbes, to Descartes, or to Locke From 
these philosophers Addison unquestionably derived much, as I have 
tned to show There remains, still, to account for the basic idea 
of imagmation as the organ of taste The Spaniard Graci&n and 
the Frenchman St fivremond, among others, no doubt contnbuted 
at this point, and possibly Shaftesbury Then there are the ideas 
of novelty and of the sublime which enter prominently into Addi- 
son's theory Hobbes and Locke and, ui a small way, Descartes 
could have furnished suggestions for novelty, but it is quite as prob- 
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able that Graoi&n, Le Boeeu, Rapm, Dryden, and DenniS; even 
Longinus, were sources here “ As for the notion of sublimity, Lon- 
ginus IS the most likely single influence, but it is Longinus super- 
imposed upon the new psychology, with vanations from sundry 
intervening writers, mcluding Denms and Boileau, and with addi- 
tions of Addison's own All these items must be taken into consider- 
ation in accountmg for Addison's theory as it stands, at best but 
imperfectly sketched, tentative and suggestive rather than outright 
and complete 

Addison's contnbution is not so much in the discovery of new 
elements of aesthetic thought as in the combination he makes of 
the old It hes as much in method as in theory A Lockian and 
an empineist, the method he adopts is patently the introspective 
method of the new philosophy He proposes to look mto the mind 
to find there what objects please, how they please, and why He 
will analyse both the causes and the effects of the pleasures m ques- 
tion, and from this analysis will attempt to deduce new pnnciples 
by which to judge art, m place of the then prcvailmg Rules of neo- 
classic criticism There la involved m this procedure, certainty, no 
new principle of psychology It is merely an adaptation of a tned 
method to a limited specific end the discovery of the sources and 
the nature of what we now call aesthetic pleasure What was new 
here, and even this was not entirely new, except as it was more ex- 
tensive and more deliberate than any previous attempt of the kind, 
was the conscious purpose to apply this scientifir-philoeophic method 
to the problems of htersry ment and appeal Ajb such it is signifi- 
cant, had Addison done nothmg more, he would have deserved a 
place among important aestheticians 

UarmtaiTT of MiCHiaaN 

** I fMoa presenting a more detailed aocount of these elements in Addison's 
theory in a longer study which I hope to have completed at an early date 



LOVE IN ANTONY AND CLEOPATRA 

JOHN WILCOX 

T he dec£uie from Romeo and Juliet to Antony and Ckopatra wa« 
the tune when Shakespeare passed from the youthful age of 
thirty mto the matunty of his forties In this interval his treat- 
ment of love also passed from enthusiasms that recall adolescence 
mto emotions associated with full matunty These two tragedies 
may well be contrasted for evidence of growth m the poet’s con- 
ception of love between men and women The ideas about the sub- 
ject that I find in the later play are the results of such a study 
When we approach the problem as Shakespeare did, through the 
pages of North’s Phdarchf and read **The Life of Marcus Antonius” 
with attention on the love story, we observe a wide breach ui the 
logic of each of tho two pnncipal characters The career of Mark 
Antony before he knew Cleopatra makes his afterconduct about the 
last thmg anyone would predict, for if ever one had training in the 
maintenance of an amatory life as a side issue to a career, it was 
this very man From his adolescent days he had surrendered him- 
self to dissipation and expenses upon women/’ and he ^‘was 

given to love” throughout the succeeding years, conducting him- 
self after the manner of profiigates of all time * But he developed 
nulitary prowess, pohtical skill, and oratorical powers at the same 
tune If practice m taking love lightly were ever to develop ability, 
we should find it exemplified m this triple pillar of the world, who 
la, instead, proverbial as the man who lost all for love 

Plutarch’s explanation of Cleopatra’s motives in winmng and 
holding Antony does not prepare us to understand what he tells 
us about her conduct during and after Antony’s decline and fall 
Plutarch believed that she dehberately entrapped Antony by the 
lurtful display of the beauty and charm that had won Caesar arid 
Gpaeius Pompey* He says later that, even after Antony broke 

^ Brodke, C F Tucker, Plutarch (Chatto A Wladus, London, 

1909), 11 l"16 » /M , p « 
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away from her bad influence, to marry Octavia, "the unreined lust 
of concupiscence put out of Antomus' head all honest 
thoughts ” * As a consequence, the Roman returned to his Oriental 
slavery and remained so "enchanted with the sweet poison of her 
love" that ho foiled in his Asian campaigns and brought angry 
Romans bussing about him and his Egyptian queen * But the 
regal charmer, who knew unemngly how to sell her voluptuous 
body m the lughest market, in the end did not waver, according 
to Plutarch, m her loyalty to the man whose career she had ruined • 
After the military debacle she took a vow to die with Antony,* and 
she kept that vow in spite of the blandishments of Octavius Caesar 
and his emissaries 

In accounting for these events Plutarch says repeatedly that 
Antony acted as he did because of a moral weakness,^ and that 
Cleopatra killed herself, not from fear of gracing a lionian tnumph 
but from loyalty to her paramour * Shakespeare did not accept 
these conclusions Ignonng Plutarch, he reopened two questions 
Why did Antony vacillate between Cleopatra and Rome? Why did 
Cleopatra lead Antony to rum though she was loyal enough to go 
down in his disaster? The pla3nrnght was compelled to fall back 
upon his own observation and expenence, for out of those must grow 
that imagmativc insight into the consciousness of created characters 
from which all great fiction is ultimately derived Where Shakespeare 
got his knowledge of hfe I do not presume to say I am content to 
point out what seem to be his answers to these questions 

As soon as the play be.gms, we see that Shakespeare has deftly 
passed over years of Plutarch^s narrative and placed his openmg mo- 
ment at the significant episode of the turning of Antony’s eyes from 
Egypt to Rome * This indicates a clear intontion to press the his- 
torical story mto the background and bnng forward the love 
story, the relation between the two characters for whom hw play is 

* Brooke, C F Tucker, fikaXcMpaore’# PJutorok (Chatto A Wmdus, London, 
1909), 11 J55-W 

* /lad, pp 55-87 » /Wd, pp 12S-138 • /M, p 114 

* Even when giving Antony’s explanation of hU conduct, that the nobility 

of gregt Romana ought to be perpetuated by the planting of "eeed In divere 
pU^“ (t6»d , pp 65^), Plutarch sayv he "oould finely cloak his iham^ul deeds 
with fine wotds.” * jT&td , pp 131-132 

* Just one third of North’s Plidorck is devoted to events that precede the 
death of Fulvia, with which j^iakespears opens (iNd , p 46} 
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named The poet has boldly seized the nettle of Antony's vacilla- 
tion between love and career for this initial emphasis 

Let us glance at a modem attempt to understand this emotional 
dilemma, and then return to our play hreud explains character 
through the urge of the sexual libido to arnvt at complete expression 
Adler undertakes to replace the sexual urge with a masculine will to 
power, currently known as ego m the psychoanalytic jargon The 
clash between the two views has resulted in another explanation, 
associated perhaps most notably with the Zurich school of psycho- 
analysis “ The basic fact of the male human's character, this school 
explains, is that he is the battleground of l)oth motives As the 
possessor of a hbido, he yearns to lose himself m his love, to give up 
everything in life to this urge For the sexual hfe, pleasure-giving 
though it is, belongs m the category of ego-destroying forces The 
ego therefore leads a counterhght against love and m favor of the 
urge to self-assertion and personal worth 

The fear, ahame and loathing which, according to Freud, form the rcaiatances 
interfenng with the sexual impulae tn man and which have prevented him from 
manifeatiDg hi« Mxuality simply and naturally according to hia desires as animals 
do, all belong to the great category of the ego instincta 

Thus the pnnoiple of individual preservation in its more complex form could 
exprees itself through the revolt of the ego, in shame, loathing and fear, and the 
sexual restriction which has characterised the last two thousand years may have 
perhaps a direct relation to the enormous cultural progress m thought, in art, m 
science and meohanios which has characterised this age 

Man's life is a conflict between two urges, neither of which can be 
Anally silenced except by old age or death When his love is attained, 
his thoughts turn away from his bliss to his neglected affairs When 
his career causes him to abandon love, he is equally disturbed 
Moments come when a man will saonfice either for the other, but he 

” This judgment is at varianoe with the usual acceptance of AnUmy and 
Cleopatra as a history play of the type of Jultue Caetar For an attractive recent 
discussion from this point of view see Harley Granville-Harker, Pre/ocea to Shake- 
spaore, Second Series (London, 1980), pp 111-238 Mr Oranvilte-Barker also 
follows the oonventioi^ inter^tation m holding that the morality of Antony 
and of Cleopatra is the key to their characters I bold that a realistic presentation 
of their eiqi^enoo with love was Shakespeare's real end 

“ See, for examtde, Beatrice Hinkle, The Re-oreaHng of the Individual, A 
Study Peyehclogical Typet and The%r Rdatum to Peychoanedyete (Baroourt, 
Brace and O^pany, New York, 1923), pp 19-49 

Ibtd , pp 87-^ Freudians, of oourse, use the word *‘sexua)ity*' so as to 
Inohide thoM eiqperieaoes which oommon usage terms **love " 
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will rue the deciwon thereafter The struggle within a man's soul 
between love and career, say these modems, is natural and inevitable 
The greater the man's intensity as a lover, the greater his capacities 
as a man of action, the more bitter the conflict between the warring 
forces, forces which have dnven despairing man into every sort of 
solution from the harem to the cell of the anchonte 

This modern explanation, the ultimate validity of which I have 
no intention of affirming or denying, does not seem to have been 
wholly absent from the experience of the Shakespeare who wrote the 
sonnets Note the imphcations in Sonnet CXXIX 

The expense of epint m a waste of ehame 
Is lust m action, and ttll action, lust 
Is perjur'd, murderous, bloody, full of blame, 

Savage, extreme, rude, cruel, not to trust, 

Enjoy'd no sooner but despised straight, 

Past reason hunted, and no sooner had, 

Past reason hated, as a swallow'd bait, 

On purpose laid to make the taker mad 
Mad In pursuit, and in possession so, 

Had, having, and in quest to have, extreme, 

A bliss in proof, — and prov'd, a very woe, 

Before> a joy proposed, behind, a dream 

All tills the world well knows, yet none knows well 
To shun the heaven that leads men to this hell 

Let U8 now return to the opening scene of Antony and Cleopatra 
Roman messengers appear to disturb the bliss of the two great lovers 
When Cleopatra's intuition warns her of the danger, Antony exclaims, 
a bit too rhetorically perhaps 

Let Rome In Tiber melt, and the wide arch 
Of the rang'd empire fall! Here is my space 
Kingdoms are clay, our dungy earth alike 
Feeds beasts as man, the nobleness of life 
Is to do thus, when such a mutual pair 
And such a twain can do t, in which 1 bind. 

On pain of punishment, the world to west 
We stand up peerless ** 

Shakespeare amplifies Plutarch's hint and alters the latter’s state- 
ment of facts m order to give Antony a more sharply defined reversal 

u See Beatrice Hinkle, The As-ersahttg ^ /mhtadiMU, A iSlfudy of Psycho- 
loyusiU Typm and Thetr Relation to Peyehoanalf/He (Hareourt, Brace and Company, 
New York, 1928), pp 39-40, 46 

u I, i, 83-40 These and cueeseding citations of text refer to the Oxford 
Shakespeare 
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of mood for the next scene Within a day of hia willingness to “let 
Rome in Tiber melt“ Antony is receiving the messengers he had 
repulsed He energetically assumes the task of rebuilding his politi- 
cal fences and plans a hasty return to Italy Ht is even ( apable of 
deciding^ in repudiation of his declaration of tlu day bt fore, 

I must from this enchantmg queen break off 

In reply to the protests of Enobarbus that ' her passions are made of 
nothing but the finest parts of pure love/’ Antony can say h( artlessly 

Would I had never seen her! 

Has not Shakespeare offered this reversal of moods as the kiy to 
Antony’s part in the play? If so, wc may infer that Shakespeare's 
experience, like the observations of the modern psychologists, affirmed 
the existence of op{>osmg urges, the one toward love and the other 
toward a manly caret r 

Swinging to one extreme, Antony takes a scant farewell and leaves 
Egypt in order to renew his coahtion vviih the Roman politicians 
As a sort of bndge-burmng conclusion to the bargain with the other 
members of the tnumvirate,** he makes an alliance with Octavia, 
not a love match but yet some sort of substitute for the love he has 
abandoned During several succeeding years, contracted into part 
of an act m Shakespeare^s version, his strength of character keeps 
him from hia serpent of the Nile, but eventually his career seems dust 
in his mouth, and he returns to Cleopatra by successive stages, as 
he himself anticipated he would do First he takes Octavia toward 
the East,*® then ho sends her home alone, suddenly Cleopatra 
beckons,** and he is back m Egypt ** 

Although Antony has not abandoned his political life, he tries 
henceforth to maintain his place in his struggle with Octavius with- 
out going outside the range of Cleopatra’s influence He allows her 

** According to Plutarch (Brooke, op ct< , pp 45-46), when news come to 
%ypt that Fulvia was making trouble with Caesar and that Labienus was con 
paring Asia, Antony set out against the Parthiana When he gut as far as 
Fboenioia, more letters turned him toward Italy, where ho amved before Fulvia e 
dsath There is no hint of the tense third scene of Shakespeare’s play 

1,11 156 

Autarch and Shakespeare are in essential agreement 
II, lil, 38-40 « HI. ii « in, iv 

*» m, iii, 46-47 » III, vl 
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to sway his judgment against battle on land In the height of the 
sea fight at Actium he turns shamefully to follow her fleeing ship and 
thus destroys lus chances for victory ^ For the moment he surrenders 
all hope of success 

Friends, come hither 
I am so lated in the world that I 
Have lost my way for ever I have a ship 
l>aden with gold| take that, divide it, fly, 

And make your peace with Caesar ^ 

But this does not mean that he has surrendered his career to the 
satisfaction of his love He still struggles, and his meeting with 
Cleopatra is filled with dramatic tension between his ego and his 
libido, although he now can acknowledge, 

0 er my apmt 

Thy full supremacy thou knew'st “ 

Until hifl very death his life is an alternation between reviling hatred 
of her as the cause of his downfall and ecstatic suffusion with a sense 
of her great love for him He cannot believe she w good w hen the 
failure of his career is evident, at hi% last defeat, for example, he 
tells Eros 

and the queen, 

Whose heart 1 thought I bad, for she had mine, 
she, Eroa, haa 

Pack'd cards with Caesar, and false play'd my glory 
Unto an enemy’s triumph ** 

But just then comes the false news of Cleopatra's suicide, her trump 
card of feminine wile by which she hopes to wm him back, instantly 
Antony is all lover, all remorse for his abuse, all for jommg her in 
death 

I will o’ertake thee, Cleopatra, and 
Weep for my pafdon *• 

Such emotional dissonances have appeared at mtervals throughout 
the play, until now Antony's suicide resolves them all m the tenderly 
hannomous farewell wit^n Cleopatra's monument, m which he 

in, vui “ nr. u. 2-0 » ni ix, 

Cf HI, ix, Bl^, with in, ix, e&-74 Cf III, xi, 85*162, with III, xl, 
167-200 

IV, xii, 16-20 w IV, XU, 44-46 
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avojdn reproachiDg her for hus death, and she loyaJJy spurns his sug- 
gestions of safety for herself 

My resolution and my hands 1*11 trust, 

None about Caesar ** 

This intention she reaffirms to her women just after his dfath 

what’s brave, what’s noble, 

T>et 9 do it after the high Roman fashion, 

And make death proud to take us 

Ihus Antonyms vacillation is shown as the natural outcome of his 
being both a man of action and a lover His tragn t nd is tht conse- 
quence of the stnfc m this dual r61e, not the n suit of a tragic fault m 
his character, it comes because man wears the yok( of inauspuious 
stars 

Cleopatra’s part of the story, on the other hand, is differently 
motivated She leads her lover to rum because she is impelled to 
satisfy herself of the reality of her union with him She tugs mightily 
at the strings that hold him, just to assure herself that they are strong 
Finally satisfied, she discovers that she has blindly led him to destruc- 
tion She has no wish to do other than accept rum with him As 
she dies her reverie is on him, and her everlasting umon with him 

husband, I come 

Now to that name my courage prove my tide! •* 

Let us review her part m the play and note that Shakespeare’s 
emphasis makes this uiterpretation evident At Cleopatra’s entrance 
in the opemng scene the sigmficant first words that Shakespeare puts 
on her lips express the querulous lover’s hung( r ft>r perfection in love 

If it be love indeed, tell me how much " 

This same question continues to plague Cleopatra until, at the climax 
m the third act, Antony 

Claps on his sea wing, and like a doting mallard, 

Leaving the fight in height, flies after her ** 

Shakespeare seems to have conceived Cleopatra as a genuine lover 
and felt that her capricious conduct could be given a living consistency 

»• IV, )dii, 4&-60 « IV, wii 80-88 " V, n, 286-28^ 

» I, i, 14. •• in, vUi, 29-80, 
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if it was offered as an expression of the desire for a perfect union, of 
tliat yearning for certainty m an uncertain world which has haunted 
lovers always By the use of insight where Plutarch was obtuse, he 
makes her apparent fickleness the consequence of a poignantly intense 
love, a love struggling for supremacy over Antony's political ambition 
She wishes to possess her man of men, to possess him completely, and 
she fights instinctively against all the forces that draw him from her 
In pobtics or statecraft shi has no interest 

To Antony's rhetorical willingness to “let Rome m Tiber melt" 
she IS skeptical, and she baits him with taunts about lulvia, because 
she needs the reassurance of even lus thin denials Her love compels 
her to array every charm to the utmost as soon as “a Homan thought 
hath struck him " A day later, when she is wavermg between the 
vanous moods she might assume in Antony's presence, she is willing 
to discuss the techmque of femimne wile with Charmian, but her 
decision to select the adverse mood, to force herself into Antony's 
thoughts, is the act of a loving, suffering womani not the plotting 
of a mercenary female Shakespeare so holds, for he provides several 
alternations of scene between Egypt and Rome so that he may por- 
tray the deserted Cleopatra faithful to Antony's memory, Uving on 
her own recollections of loving da5rs and single-mindedly determined 
to call him to her when and how she can When she finally brings 
him back to Egypt at the as yet unpmd pri<© of empire, she is still in 
a state of uncertainty over him, she applies 

that fatal knife, 

Deep questioning, which probes to endless dole ** 

The rum she brings about his head and hers is the “dusty answer" to 

the soul 

When hot for certainties in ibis our life) 

As presented by Shakespeare, Cleopatra's techmque of faaoination 
IS simpler than it is m Plutarch's account The playwright elected 
to present her as a woman who dominat>ed by an amorous gaiety when 
all IS well and, when crossed, by the exhibition of a contrary mood 
to which she forces her lover 

* The hut “sonnet*' in Qeorge Meredith's Modern Lops 

** fhie Brooke, op eti , pp 40-41, 43^40, the hint on page d4 is used most 
extensively 
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if you find him sad, 

Say I am dancing, if m mirth, rei^xirt 
That 1 am sudden sick 

This motivates her act of bullying Antony into fighting at sea, when 
he IS best equipped for land warfare It ls significant that Shake- 
speare does not assign to her, as Plutarch dots, the motive of deliber- 
ate, planned treachery for either part of this trick, the ‘-ea fight or 
the sea flight Not treachery but the simple desire to lead her lover 
where he would not choose to go causes her to fltc from the battle 
Her explanation to him, 


I little thought 
You would have follow d,** 

IS a deft covering of the mingled hope and fear that impelled he r to 
put him to the test Thereafter Cleopatra accepts Antony unques- 
tiomngly and even includes his career as part of him, not as her rival 
for him She joins heartily in his efforts to regain his lost grip on the 
pohtical world, but it is too late 

By givmg no reason for her courtesy to Thyreus Shakespeare 
leaves the way open for us to believe that she is planmng some sort 
of sacnfice of herself to redeem Antony with Caesar Plutarch sur- 
rounds Cleopatra with flattenng and false-hearted advisers who help 
her decide momentous issues, Shakespeare assigns hir loyal servants 
and companions He gives his heroine the strength to stand alone, 
no one makes up her mind for her It is thus consistent to ascribe 
such an unexpressed motive to her m a scene here it is dramatically 
impossible to express it At any rate, Plutarch made little of the 
mcident of Antony's finding her in i onsultation with Thyreus 
Shakespeare expanded it mto the major scene of Antony's rage against 
Cleopatra The purpose, perhaps, is revealed m his emphasis on her 
meekness, which is not m Plutarch, except possibly by inference 
After all it is little short of amazing that this impcnouH queen, used 
to haling the bearers of bad news by the hair, should stand by quietly 
while Antony plies her with every vile name he can think of 

You were half blasted ere I kneiV you hal 

w 1* ifi, 8-5 “ in, IX, 55-60 

*• Cf Brooke, op oil , pp 116-117, and AnUmy ond CUopatra, III, xi 47-167 
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You have been a boggier ever 


1 found you aa a morsel, cold upon 
Dead Caesar s trencher, 

To all these revilmgs she mildly asks at his successive pauses for 
breath 

Ot is’t come to thi«7 

Wherefore la thU? 

Have you done yet? 

Not know me yet? 

The scene shdes into another reconciliation They decide to celebrate 
her birthday m **one other gaudy night Does not this unply that 
Antony's anger is music to her fearful ears, unmistakable proof that 
his love for her dominates his life? Instead of resentmg his abuse, 
she aids Antony, almost mothers him The morning scene before the 
last battle, when the regal lady with her own hands buckles on his 
armor, is a touch of domestic felicity, of perfect mutual acceptance 
Before this last unhappy day is over his appalling rage and imjustified 
doubt send her to her monument to make her ill-starred attempt to 
woo him back once more with a false message Her technique achieves 
catastrophic success it bnnga her lover on his death htter, dymg 
that he might join her Surpnsmg as the results are, her mtentions 
are unquestionably loyal she wishes to dissolve all differences as 
she has managed to dissolve them hitherto 

So far I have been dealmg with the emotional expenence of the 
lovers, whereas a love story has two aspects, the way it feels to 
the prmcipals and the way it looks to the untouched outsiders The 
latter view has the support of morality generally, but we must not 
forget that the customary contempt for the weakness of the man who 
saenffees his life and career to his love is alter ail the rationahzation 
of a fear, a rationahzation which employs the familiar techmque of 
trymg to despise what one is afraid of 

the shame and loathing postulated by Freud as the great resistance to 
sexuality, but also the moral reaction and struggle against it wl^eh has culminated 
in the puritan excess of our epoch, were bom out of an inherent need of man to 
protect and discipline himself against the danger of succumbug to the domina- 
tion of his sexual deeiree.** 


** Hinkle, op eU,p 
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To give the moral tost, tlien, a-s a substitute for the inner (.xpeneufc 
of the conflict between duty and desire is to beg the qu(^stion com- 
pletely We must therefore not hastily assume that the outside view 
is the poet’s own attitude, just because it happens to conform to our 
personal code or to conventional standards If we accept the evidence 
of the play and obscrv e the emphasis which the poet designs, we see 
that he gives both sides, maintaining a personal and moral aloofness 
Although he tells what the world says and thinks, he does not forget 
to deal sympathetically with his chief figures, to offer their cxpencnci s 
as they feel them Wt should not be surprised if their acts, emotions, 
and relations seem less repulsive to them than to the observers, but 
we must not forget that both sides are really biased 

To give both attitudes, Shakespeare opens his play with the 
observer’s story He places an otherwise unemployed Philo on the 
side lines of the initial scene and lets him express in one impressive 
indictment all that could be said 

Nay, but thiB dotage of our general’s 
O’erflowB the measure, those hi* goodly eyes, 

That o er the files and musters of the war 
Have glow'd like plated Mars, now bend, now turn 
The office and devotion of their view 
Upon a tawny front, hi* captain s heart. 

Which in the souffles of great fight* hath burst 
The buckle* on his breast, reneges all temper, 

And IS become the bellow* and the fan 
To cool a gipsy s lust Look! where they come 

{Floun$h SfUer Anlony and Cleopatra, unlh 
ihetr tratng Sunuche fanmng her ) 

Take but good note, and you shall see m him 
The triple pillar of the world transform’d 
Into a strumpet's fool, behold and see 

Thus the poet points out to uh that in Antony love and career are 
in conflict PIulo’s almost anonymous voice expresses sympathy 
for one side, leaving to the lovers the interpretation of the other 
To the practical-imnded outsider lo\c is very likely dotage and 
lust, to him a woman who has had successive amoura may seem 
to be a strumpet, and a great passion must surtly be a folly But 
his judgments are partisan To show the conflicting views Shake** 
speare went to considerable pains to create Enobarbus, who is not 


" I, i, 1-13 
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found in Plutarch The reason is surely made clear m his employ- 
ment of bun as one whose relations to the pnncipaJs give him an 
opportunity to understand both sides, to occupy a middle ground 
of opuuon about the lovers He can see their folly, but he can 
also see the fascmation that their union holds for them It is he 
who flippantly observes that she is a “wonderful piece of work 
which not to have been blessed withal would have discredited your 
travel " He describes the first meeting upon the nver Cydnus 
m much-quoted lines ^ He foresees that Antony can never really 
leave Cleopatra, for 

Ago cannot wither her, nor custom stale 
Her infinite variety, ** 

Enobarbus understands that Antony ^^will to his Egyptian dish 
agam, Antony will use his affection where it is, he mamed 
but hi6 occasion here ” " Later he urges Cleopatra to keep away 
from the battle ^ He protests to Antony against the folly of fight- 
ing by sea As his forebodings are reahzed, discretion calls for his 
desertion But after he goes over to the camp of Caesar, he dies 
of sheer will not to hve (aided perhaps by malana), because he has 
not remamed loyal What reason can we find for Shakespeare’s 
inclusion of this episode except to pouit out that Antony and Cleo- 
patra were people who would actuate such loyalty and earn such 
devotion also as Iras and Charmian pay? Here is a faithfulness 
that transcends self-interest and testifies to the greatness of those 
who inspire it Thus the outsiders bung m their view to contrast 
with all that the lovers can show for i'^emselves The poet has 
thereby given the story a reahstic treatment that includes the dra- 
matic excellence of effective contrast All m ail, I find it possible to 
understand what I read in the play only when I thmk of it as a 
sympathetic retellmg of a great love between two intense, sincere 
lovers Hiey had their joys, their sorrows, their doubts, their 

« I, il, 167-108 « n, ll, 195-337 « 11, U, 240-241 

« II, Vi, 130-185. ** III, vii. 1-30 

« III, xi, 19MOO, IV, V, vl, ix, 

** The r^ts of my study are in oppoeition to the accepted doctrine that 
Shakespeare’s tdmtmeat wee primarily moral If my thesis holds, It may latsr 
he useful towork out Its Impllcatkms In relatlOD eo (he existltig body of orftidsm 
and inter^otatlon, hut the refutation of everyone from Coleridge to MaoCaUum 
is beyond tiie scope of this study 

After my own position was developed, 1 found anticipatory corroboration 
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reconciliations, their follies, the fx^nalties of tluir follies But most 
of all they were a great pair, an imperial pair, a loving pair Even 
dull, insensitive Octavius could perceive that 

No grave upon the earth shall clip in it 

A pair so famous *• 

I hazard the judgment that in this play Shakespeare was pri- 
marily mterested m being true to the inner cxpcncnce of love in 
marriage, not in moral precepts The irregularity of the lovers’ re- 
lation from a legal point of view gave him no concern Human 
nature la more permanent than even the Decalogue, and to the 
author of the Sonnets much more mteresting Antony and Cleo- 
patra are, in psychological truth, man and wife The twist of im- 
morality provides a fortuitous individuality to the union, not its 
essential nature I do not see either why the man who loved the 
Dark Lady would assume that a variety of love affairs in the post 
should destroy the sincerity or the intensity of one in tht present 
This notion, too, has more foundation in ntoral needs than m psy- 
chological reahty Did not Shakespeare know by the age of forty- 
three that amatory capacity is more hkcly to atrophy than to grow 
through disuse? That great lovers are expenenced lovers, not ado- 
lescent neophytes m the art? In his earlier plays he has often re- 
flected the immature view that the only problem in love is that of 
attaining Interest is centered m the simple question of whether 
Jack shall have his Jill The love tragedy of Romeo and Jultet, for 
example, is based on the adolescent behef that union with the be- 


from H H Pumeas, A New VorwttW BdtUon of Shakeejmre, The Tragedte of 
Anthome and CUopiUra (PhiUddphia, 1907), pp ix-xlv He feels that most 
Oritioian of Antony and Cleopatra refieote the tone of Plutaroh rather than of 
Shakespeare Thu is particularly true of the moral attitude Plutaroh held the 
mottl reins taut, constantly pointing out the wickedness of our principals' acts 
The simple fact that Shakespeare chose to ignore nearly all of this u important. 
For example, even when Roman thoughts strike him, Antony cannot join the 
outsiderB fully He can say to Enobarbus, 

These strong Egyptian fetters I must break, 

Or lose my^f in dotage (I, U, 119-120) 

He can admit that Cleopatra is an '^enchanting queen" from whom he must 
break off, and that she is *'cunnhig past man’s thought " He can even wish be 
had nevw seen her But he never accuses her of inconstancy or insincerity exoept 
when In a rage. 

V, ii, Me-367 
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loved IS bliss eternal and that loss of the beloved destroys all reason 
for hviHR By the time of Anlony and Cleopalra Shakespeare was 
aware of the less romantic truth tliat life is an ttemai problem He 
could then see that the union of lovers merely alters the nature of 
the nddlc It shifts the front on which the battle of hfe must be 
fought In the end, love, attained or unattamed, adds to the per- 
plexity of hfe and gives increased weight to the blows that an un- 
kind fate may shower on those who live not wisely but too well 

Wayne University 

Detroit, Michioan 
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T he spearman formula Tab * has berome ho generally ac- 
cepted as a statist u al tool that then is no longi r any (question 
of its validity The probable error of rob has, however, caused much 
discussion and the development of a number of formulas, all too in- 
volved for extended use The immediate purpose of this paper is to 
throw some light upon the agreement between empirically obtained 
Tab valuer and those computed by means of the formula 

The formula was obtained by Spearman by writing the partial 
correlation formula as follows 


r«6 - 

a ■■ ^ i 3=l_!SKnr-:=S 

Vn- r*.,) (1 - rS,) 

Since a and b are correlated only through their association with 
g, when the effect of gf is removed the correlation must become soro 
In this case ra^ - - 0, and Tab “ This equation gives 

accurate, meanmgful results only when the two tests measure the 
same quality and when the errors of measurement are random 

Having obtained three senes of values, for r^j ra„ and respec- 
tively, how close an accord may we expect to find between the corre- 
sponding values for fo^, one set having been obtained empincally, 
the other by the application of the equation? Theoretically, the upper 
hmit of the empirical rob terms is 1 00, for there is no reason why 
cause or chance should not, from time to time, give perfect agreement 
If the curve of distnbution of the computed r^b terms is normal, the 
lower hmit of rob should be as far below the average as the upper limit 
18 above In this case the probable error would be a defimte function 
of the range How are the details of this picture filled m m practice? 

To answer this question, materials obtained from experiments on 
sensory discrimmation wm employed To bring the problem to its 
sharpest focus, each senes of results to be discussed was planned to 

646 
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meet the condition that tag - The number of items In the dis- 
crimination tests was always ten In senes 1 the results obtained 
from twenty subjects, each senes of ranks having a correlation of 
939 with the entenon, were mtercorrelated The theoretical rob 
should then be equal to 939® or 882 The 190 computed coefficients 
ranged from 1 00 to 79, with a mean at 884 and a median at 884 
The upper limit of the curve of distribution agrees with the theoret- 
ical demands, but the lower limit should be 768, instead of 79, as 
found The theoretical probable error of a correlation coefficient of 
882 IS 046, whereas the probable error of the distnbution of the 190 
coefficients is only 035 

In series 2 the value of tag and was 879 The theoretical 
value of fob is therefore 771 The upper limit should be 1 00, the 
lower, if the curve is symmetrical, 642 The distnbution of the 190 
coefficients giving the r«6 values has an upper limit of 1 00, but a 
lower limit of 60, which is 06 higher than theory demands The 
mean value of the coefficients is 778, the median, 777 

In senes 3 « thg * 818, which gives an equal to 670 The 

empmeal curve of distribution has a mean of 672 and a median of 
668 The highest value is I 00 , the lowest, 41, as compared with the 
theoretical 340 The probable error of the correlation w 116, the 
probable error of the distribution is 077 

Senes 4 was based upon r^g and r^g values of 757, with a corre- 
spondmg r«b of 580 The empmeal mean was 580, the median, 
570 The range extended from 1 00 to 22, whereas a symmetneal 
curve would have established a lower limit of 16 The probable 
error of a coefficient of 580, when n is 10, is 142, whereas the probable 
error of the distribution was 085 

In senes 6 the correlation with the entenon was 697, with a corre- 
spondmg of 484 The distnbutiwi erf the 190 correlations had a 
mean of 466 and a median of 455 The range extended from 94 to 
03, as compared with a theoretical range from 1 00 to - 032 The 
probable error of the correlation coefficient is 166, the probable error 
of the distnbution, 133 

Scries 6, planned to give equal to 405, with r^g and ng equal to 
636, gave a mean of 421 and a median of ^ The range, from 98 
to - 11, is to be compared with a theoretical range from 1 00 to 
— 190 The probable error of the coefficient of 406 is 177, whereas 
the probable error of the dtetribution is 166 
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Series 7 gives the results obtained from and ng equal to 576, 
with a corresponding of 332 The mean of the distribution was 
324, the median, 329 The range was from 89 to — 26, as con- 
trasted with a theoretical range from 1 00 to - 336 The probable 
error of the coefficient is 190, the probable error of the distribu- 
tion, 128 

Senes 8, based on a correlation with the cn tenon of 515 and an 

of 265, gave a mean of 261 and a median of 225 The range of 
coefficients extended from 85 to — 38, as compared with a theoretical 
range from 1 00 to ~ 470 

From this limited amount of empirical evidence certain tentative 
conclusions may be drawn Their value is to some extent enhanced 
by the striking homogeneity of tendency revealed by all eight samples 

1 The average value of the empincally obtained corresponds 
closely to the value demanded by the equation, the mean difference 
in the eight samples being 0007 

2 Any particular value of Tab may deviate from Its average value 
by an amount equal to 1 00 - fat, approximately 

3 Tho distribution of the values tends to be slightly skewed 
positively, negative deviations of relatively small amount occurrmg 
more frequently than larger positive deviations In appearance, the 
curve of distribution resembles the blade of a propeller, with the 
narrow end turned toward the -f 1 00 end of the distnbution 

4 In a way the most mteresting feature of the investigation is 
found m the relation of the probable error of the coefficient to the 
probable error of the distribution It will be recalled that the 
probable error of the coefficient as computed by the proper formula 
was mvanably greater than the probable error of tho distribution of 
the empirically obtamed coefficients On the average, the probable 
error of the coefficient is 1 38 times the probable error of the distribu- 
tion Whether a number so close to y/i has any significance must be 
left for further investigations to decide 

Part II 

In the preamble to the first part of this paper it is stated that th^ 
formula r,* Tg^h 9 can be expected to hold only when the g associated 
with a and the g associated with h we identic^, that is, indicate the 
flftune quality, or function, or standard, or entenon Can the equation 
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be rewritten in Buch a way as to give a true answer when the g asso- 
ciated with b 18 different, m whole or in part, from the g associated 
with a? 

To obtain an answer to this question, recourse was had to a differ- 
ent kind of material, this tune personality ratmgs In these ratings 
the setup was the same os before, ten persons twice rating each of the 
ten, mcluding the self, on a senes of traita If two of the traits in 
question prove to be the same quahty, then the simple formula will 
work, for the only condition preventing a perfect correlation is the 
errors of measurement These errors spread through the measure- 
ments of both < haractonstics and, when the traits are correlated, the 
errors should in the long run reduce the Vah value by an amount pro- 
portional to the reduction of the r*#, ri^ values 

If the ratings of ten persons are performed twice by each of the 
ten, the result is 20 ranks for each person If these 20 ranks are 
averaged and each person is assigned a final rank in terms of the 
magnitude of the average of the positions assigned him, these final 
ranks indicating consensus of opmion may be called g When each 
of the 20 measurements is correlated with p, their average may be 
called Similarly, if each of the 20 me^urements is correlated 
with each of the others, the average of the 190 coefficients may be 
called r«o In this case does the special form of the Spearman formula, 
faa “ faold? It does wfthm the necessary limits Some other 
trait, 6, may also be mvestigated m this way, and it is found that 
nh " What now will be the correlation between traits a and b? 
If the same g is common to both, the onginal formula will give the 
answer If, however, the p's are different, the will be lower than 
when the p's are alike It may drop to jsero or assume negative values, 
depending upon the relation between the p's The correlation be- 
tween a and b will then depend upon two factors first, the relation 
between the two p's, second, the reduction from the true value caused 
by the random errors 

Since It is difficult, if not unpossible, to find two human character- 
istics having exactly the same p, subterfuge must be resorted to in 
order to find identical p's This may edways be accomplished by hold- 
ing the standard or criterion constant To do this, the ranks assigned 
the person in first position m trait A are compared with the person 
assigned first position in trait B, the second in A is compared with 
the second in B, and so on In this way » 1 00, and the formula 
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will work In two saraplos t-akon at random the following values 
wtre obtaine<l rag “ 713, ng « 372, r^b ^ 271, whereas the 
formula value of r^b w 265, a discrepancy of 008 In the other 
sample Vag ^ 714, ru„ «= 402, and Tab *= 297, with a formula value 
of 300, a discrepancy of 003 

If the individuals instead of the ( ntenon are held constant, what 
happens? To hold the individuals constant, tht tin pirsons are ar- 
ranged in any standard order, such as alphabetical The i orrelation 
is worked by comparing the scores of the same mdividuah on the two 
tests When this is done with the two sampks already given, the 
Tag and Thg values remain the same as m the previous case, but the 
Tab values fall to 124 and 130, respectively Why does tins hapiien'^ 

The r^gf Tbg terms show the decrease m magnitude of the coefficient 
which can be attributed to random errors Further decrease can lie 
accounted for by the fact that the two qualities measured, instead of 
bemg identical, are to some extent diverse The extent of the 
diversity can be determined by solving the proportion (individ- 
uals constant) Vai, (criteria constant) «= x 1 00 In the first sample 
this becomes 142 273 =» x 1 00, gii mg x *= 520 In the second 
sample x - 438 Smee x m both cases represents the relation be- 
tween the qualities associated with a and 6 respectively, it may be 
given a value as a coefficient of correlation and the symbol Tgg 

Since the magnitude of any Tab is determined by the effect of the 
random errors and also by the relation between the qualities measured, 
it would ap{)ear that the Spearman formula is a special case of a more 
generaUsed one, one m which 1 (X) The more general equation 
should provide for situations in which Vgg is less than unity Such a 
formula is given m the following expression 

Tab * r agTbg T gg 

Since interest attaches usually to the relation between qualities 
rather than to the siae of the raw coefficient, the formula may be 
rewritten 

riff - Tab/ragntfi or 

Tffff - rofc/(rfl«r»)* 

The second formula is safer to use than the third, for correlated 
errors are prone to appear in retests and magnify ra* and r» coeffi- 
cients, whereas they have but slight effect upon roi and values 
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When the rank-difference method is used, as in the illustrations 
given above with ten items and twenty tests or measurements, the 
number of separate coefficients that must be computed is as follows 

faa •* 20 

Uq “ 20 

raa “ 190 
- 190 
Tab "" 400 
Total ** 820 

At the rate of two a minute the work would take nearly seven 
hours Any method which will shorten this labor should be thank- 
fully received, especially by those who use the rank-difference method 
to any considerable extent The remainder of this paper will be 
devoted to an exposition of the method 

The first step is to make a scatter table showing the number of 
times each item is placed m first, second, third, fourth, tenth 
place if n 18 equal to ten 

Secondly, compute the mean of all the positions assigned each 
item, calling the smallest mean 1, the next 2, and so on 

Thirdly, prepare a new tabic in which the original table may be 
rearranged and staggered In accordance with the plan to be revealed 
When n is 10, the maximum possible error is 9 places The error may 
be either positive or negative It is necessary to provide on the v-axis 
19 rows extendmg from — 9, through 0, to + 9 For the item put in 
first place by either the criterion or the group average the 1 values 
show a deviation of 0 from the true position Each 2 that the Item 
in first place receives constitutes a positive difference of 1 place 
Similarly, a 3 is a positive difference of 2 places, and so on until 10 
is reached, m which case there is a positive difference of 9 places 
For every 1 that the item in second place receives, the difference 
equals - 1, for each two, the difference is 0, for every 3, the differ- 
ence 18 + 1, and so on. By staggering the original table m such a 
way that all differences of 0 appear in the same row, all differences of 
- 1 in the row above, and + 1 m the row below the 0-row, and so 
on for the other differences, the frequency of each difference may be 
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TABLE I 

Tim Stbp8 in CoiiPUTma tm Corrklation with a CiuTBaioN 
A Original Table 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

12 

5 

1 

2 







2 

5 

7 

1 

8 

3 




1 


3 

1 

d 

7 

1 

4 


1 

2 

1 


4 


3 

5 

2 

4 

2 

2 


1 

1 

5 

1 

1 

1 

4 

1 

5 

3 

2 


2 

6 


1 

1 

2 

3 

6 

2 

4 

2 


7 

1 


1 

4 


3 

4 

3 

3 

1 

8 



2 


8 

4 

2 


3 


9 



1 

1 

2 ; 


5 

2 

7 

2 

10 




1 

1 

1 

1 

1 

1 

2 

14 

Sum 

20 

"“20^ 

*“20 “ 

20 

m 


Si 


20 



Not* — The sum of each column and of each row mu«t equal N or 20 


B Staggered Table 



- 713 
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cumulated and entered at the right of the table Since the formula 
calls for Sd*, this column of frequencies may be muHipUed by the 
corresponding (P and these numbers added to give 2cP The fre- 
quency IS determined in the situation given above by both the number 
of items («) and the number of measurements (N) In the Spearman 
formula N ^ 1 Conaeqm ntly, m this modification the denominator 
of the fraction must be multiplied by N or the numerator divided by 
N With this slight adjustment the rank-differcnct formula may be 
applied to scatter tables assembled from rank-difft rence material A 
sample, showing the necessary steps, is givtn m Table I 

TABLE II 

ThB DlSTBIBtmON OF Thaits a akd B 


Trait A 



A 

B 

C 

D 

E 

1 

G 

H 

1 

J 

1 



5 


12 


2 


1 


2 



7 


5 

i 

3 

3 

1 


3 

1 


3 


1 

1 

1 

4 

7 

2 

4 

2 

1 

3 

2 


1 

2 

4 

5 


5 

3 

2 

1 

5 

1 


4 

1 

1 

2 

6 

2 


1 

6 


2 

2 

3 

1 

4 

7 

4 

1 


3 

1 

a 

4 


1 

3 

8 

2 



4 


3 


3 

2 

6 

9 

& 

2 



1 

7 

1 

2 

1 

2 

10 

1 

14 


1 


2 

1 
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Trwt B 
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B 

C 
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E 

P 

a 

H 

1 

J 

1 

8 

5 
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3 

2 

2 
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1 
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1 

4 

1 

8 
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4 



6 
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1 

1 

1 

4 


3 

4 

4 

4 

1 

2 

2 

3 

4 

2 

1 

3 

2 


5 

1 ' 

1 

5 

3 


1 

2 

3 

1 

3 

6 

4 ! 

1 1 

1 1 

4 

2 1 

1 1 

4 

2 


1 

7 

1 ! 


1 J 
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1 I 

2 

2 

2 

7 

8 

5 

2 

1 I 
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4 ; 
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9 

2 

2 

3 ’ 
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1 

8 

1 

5 

1 

10 

1 

6 
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2 
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3 

3 
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To work the correlation between two different traits, the procedure 
is simply an ejctension of the pnnuple already given Ihe scatter 
tables for the two traits should, for convenience, be ^ntten one im- 
mediately below the other, as shown in Table II 

Whenever an individual is given a first place m trait A and also in 
trait B, the diffe rtnee between the two ranks is 0 To find the numb( r 
of zero differences for those put in first plact in both traits by some of 
the raters, multiply the number of entries m the top row of each table 
This proves to be (5X2) + (12 X 3) + (2 X 2) The sum is 
equal to 50 In the staggered table this number is entered m column 
A In the zero-difference row The entry in column A and opposite the 
+ 1 value of d IS obtained as follows Multiply each entry m A row 1 
by eaxjh corresponding entry in B row 2, thus (5X4) + (12 X 8) « 
116 To obtam the entry m column A opposite + 2d multiply each 
number m A row 1 by the corresponding number in B row 3 

TABLE III 

Tablc fob DETBRMmma the Correlation between Traits A and B 
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For column B with the * Id row multiply each number In row 2 of 
Table A by the correapondlng numbers in the first row of Table B, as 
(7 X 2) -f- (6 X 3) + (1 X 2) + (3 X 2) + (3 X 2) « 43 Thesero 
difference for column B of the staggered table is obtained by multi- 
plymg each entry in row 2 of Table A by each corresponding entry 
m row 2 of Table B 

The entire staggered table is presented in Table III, showing all 
entnes and the steps necessary for computing the correlation coeffi- 
cient This coefficient proves to have a value of + 142 

To obtam the rehabihty coefficient the procedure is exactly the 
same aa in the precedmg case except that, as a visual aid, the table 
for trait A should be written twice If the second table is called B, 
the previous description for obtaining the correlation between A and B 
may be followed exactly 

Umivsbsitt of Miohioan 



AN INVESTIGATION INTO THE NATURE 
OF ENCEPHALITIS NEONATORUM 

ARTHUR L AMOLSCH 

I N 1866 Virchow (3) interpreted degenerative and infiltrative al- 
terations in the cerebrum of newborn infants as manifestations 
of an infiammatory reaction which he chose to designate by the term 
encephalitis congenita ** Subsequently, other mvestigators have 
questioned the complete accuracy of such an explanation, basmg their 
contention chiefiy on the significance of intracellular and extracellular 
hpoid deposits m the brains of such cases One school of thought has 
maintained that the fat is a manifestation of degenerative changes 
The opponents have insisted that such fat is present m the brams of 
all newborn infants and is definitely relat^ to physiologic and 
developmental changes associated with the process of myeleniza- 
tion This controversy has contmued intermittently to the present 
time 

Later Virchow (4) receded somewhat from his first opinion and 
admitted that phases of the reaction need not necessarily be an ex- 
pression of a true inflammation Nevertheless, he was inclined to 
associate the process with infection or possible toxic action 

By concentrating upon the significance of these hpoid changes it 
appears that the mflammatory exudative feature of so-called encepha- 
litis congenita has been somewhat neglected However, m 1920 
Oeelen (1) described exudative and degenerative changes m a senes 
of twenty brains of newborn infants This author attempted to corre- 
late the process m several of his cases with omphalitis neonatorum 
His description of the perivascular infiltrations beneath the ependyma, 
and particularly his statement that these cellular aggregates tend to 
assume a sector localisatioii with reference to the blood vessels, sub^ 
stantiates our opinion that the cellular changes which Ceelen and 
many others have Interpreted as exudative can be dememstrated in 
the brajin of any infant at or near term 

m 
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Whatever the oonHensus of European opinion may now be relating 
to the suggestively exudative nature of this process, it is evident that 
the majonty of local histopathologistM are almost wholly concerned 
with these features when rendering a diagnosis of encephalitis con- 
genita 

In this discussion we are solely concerned with the significance 
of these so-called exudative features The cellular reactions m ques- 
tion are usually demonstrated m subcpcnd 3 anal position, and in 
chance autopsy sections are characterized either by a zone of small 
round or oval cells or by more definite localization of such cells, at 
tunes slightly elevating the ependyma, and at times forming a larger 
granulomatous-appearing mass The microscopic feature which is 
most misleading is a perivascular mantle of deeply stained round or 
slightly elongated cells found about the subependymal vems and at 
times more remotely in the fiber tracks 

Plates LV-LVI illustrate the gross and microscopic features of 
neurogenic activity m a 32-wcek foetus 

The author^s interest m this condition was pnmanly established 
by contact with four instances of prominent subependymal infiltra- 
tion and proliferation m the brams of infants in which massive intra- 
ventricular hemorrhage was demonstrated shortly after birth The 
first impression was that of fetal encephalitis Subsequent study 
suggested that a promment glioblastic proliferation was associated 
with the hemorrhage m three of these cases, whereas the fourth case 
seemed to be an example of a true glioblastoma 

The second phase of this investigation was conducted with the 
kind cooperation of Dr C V Weller, of the University of Michigan 
Medical School During an exammation of cerebral tissues from 
fifty-five autopsies on newborn infants it was possible to demonstrate 
to some degree the presence of this supposed infiammatory Infiltration 
beneath the ependyma in thirty-two cases This high incidence of 
encephalitis neonatorum suggested an error m the mterpretation of 
the morphologic picture An exammation of the maternal records 
showed that only eight mothers presented direct or indirect evidence 
of infection during the pregnancy under question Moreover, the 
cerebral changes m these ei|^t cases were no different m character 
or extent from those demonstrated in the twenty-four uninfected 
cases It was also noteworthy that no inflammatory infiltration was 
demonstrated in cerebral cortex, the meninges, or the choroid 





PLATE IM 



1 The same area that ''ho? n in Plate I\ Figun 2 Note Fia 2 area of Ion* promuKtu inuro^mc acti\it> lighth re- 

the groupmeots of pniniti>€ neurogenic oellb with round or mo\ed from the main focu> Small groupments of diflftr- 

«ilightt> eloiigated nnclei Magni^itmn 4 mm obj 7 > oct entiating cells m a loov* glial tissue stroma Magnification 

bellows length, o5 cm 4 mm obj , 7 > occ btUows length So cm 



Naiure of Encephalitis Neonatorum 557 

plexufli and examination of other organs failed to reveal any inflam- 
matory reaction other than pneumonia In a few instances of this 
senes Such circumstances all tend to indicate that the process is 
not inflammatory in nature, but is associated with developmental 
changes in the cerebrum 

The third phase of this study, which at the moment is incomplete, 
consists of the examination of the brams of fetuses of various stages 
of development and of newborn infants of approximate term develop- 
ment This senes now consists of a group of twenty-two brains, of 
which six represent 12 to 18 wceks^ development, two are m the 19- 
to 26-week penod, three m the 27- to 35-wpek penod, four m the 36- 
to 39-week period, and five are brains of term infants, none of which 
lived longer than three days 

Coronal sections of these brains were made at intervals of 6 to 
8 mm throughout the ventricular system, for the purpose of determui- 
ing the location and the degree of the developmental activity at varied 
stages of g^pwth The following deductions are based on this study 

1 Subependymal neurogenic activity is present m all brams of 
the senes 

2 The intensity and the extent of the developmental activity are 
directly proportionate to the degree of immatunty 

3 The character of the reaction and the nature of the cells are the 
same as those observed in chance autopsy sections when the diagnosis 
of encephalitis neonatorum has usually been made 

The misinterpretation of cellular changes in the newborn bram 
has its basis in the distinctive migratory and invasive character of 
primitive neurogenic cells which are small, round, or slightly ovoid m 
shape, poor in cytoplasm, and possess nuclei which stain intensely 
The term neurobiotaxis’' was used by Kappers (2) to designate the 
migratory and invasive nature of ganglionic tissue evolution Neuro- 
genic activity has become quiescent at the end of the third fetal month 
m the spmal cord, medulla, and pons, which, phylogenetically and 
ontogenetically, are the oldest structures of the central nervous 
system 

In the group of brains examined m this study it is noted that 
neurogenic activity has ceased in relation to the third ventricle and 
aqueduct of Sylvius, and is very slight m the region of the fourth 
ventricle in the most immature brauis The process which ordinarily 
attracts the attention of the pathologist is observed as a rule m fetuses 
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of at least six months' development, and is an expression of the de- 
velopment of the neostriatum and communicating tracks 

With the ordinary staming methods employed in this prelmunary 
study it is impossible to recognise all the intermediate types of primi- 
tive neuroblastic cells which undoubtedly are present m the field of 
cellular proliferation It is possible that some of the small round cells, 
which are found about the blood vessels, are derived from mesodermic 
elements Granting the truth of this supposition, it docs not follow 
that their presence is proof of mfiammation, smce cells of this type 
are found m mature organic tissues, such as mammary gland and 
endometnum when those glands are reactmg hyperplastically to 
growth stimuli 

We are all aware of the previous tendency on the part of the pa- 
thologist m the not too remote past to render a diagnosis of chronic 
mastitis or chronic endometritis upon finding migratory round cells 
m the essential stroma of these glandular tissues when they are re- 
sponding normally or abnormally to hormone stimulation We feel 
that a somewhat analogous situation is present during the active 
stages of cerebral difierentiation, complicated, however, by the nat- 
ural Invasive and infiltrative character of neurogenic prohferation 
during development 


CONCLUSlONB 

1 Subependymal cellular infiltration of small round cells and 
penvascular mantles of such cells, found m the brain of the newborn, 
are not to be interpreted as an expression of encephahtis It is 
definitely developmental in nature 

2 This reaction is most pronounced in the prematurely bom 
infants which are stillborn or which live only a few weeks 

3 The most prominent manifestation of the incomplete state of 
cerebral developm^t in the term or near-term infant is observed in 
the angle between the caudate nucleus and the thalamus, and at the 
upper lateral angle of the lateral ventricle m sections through the 
anterior half of the bram 

4 Our failure to Interpret properly such mamfeetations rests upon 
an incomplete understanding of cerebral development, especially in 
relation to the formation of the neostriatum and the intemuclear 
patibwaya 

6 It IS admitted that encephalitis neonatorum per h can exist, 
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but such a diagnonis must depend upon the presence of a true inflam- 
matory reaction , cellular changes which are associated with develop- 
ment must be excluded m making such a diagnosis 

Watn» Univebsitt CoiiLiQB OP Medicine 
Detroit^ M tenia an 
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LABORATORY DIAGNOSIS OF SYPHILIS ♦ 

OSBORNE ALLEN BRINES 


I N AN attempt to obtain some information regarding the effi- 
ciency of laboratory diagnoatic methods in syplulis a survey 
covering a period of one year (1934) was made at the Receiving 
Hospitali Detroit Dunng this penod the disease was studied from 
the serological and the pathological aafierts 

PURPOSES 

1 To determine the relative practical value and specificity of 
tests employed , 

2 To compare the incidence of syphilis in a general hospital 
(a) from a serodiagnostic viewpoint and (b) from a study of autopsy 
material , 

3 To consider the matter of interpreting positive blood tests, 
4 To evaluate S 3 rphihs as a general mortality factor 

MATERIAL 

1 The routine examination of 23,668 blood specimens for their 
reaction to one or more of the following tests (a) Kolmer, (6) Kahn, 
(c) Kline, 

2 The performance of 618 autopsies 

CONDITIONS 

1 A general hospital without an obstetrical or a iiediatric serv- 
ice, 

2 An age incidence of 42 7 years, which is slightly higher than 
those for most general hospitals, 

3 A colored population of 36 per cent, 

4 No attempt made to treat syphilis m the institution , 

5 Nearly all syphilis m the tertiary stage, 

* From th« Laborstones of Raosiving Hospital, Detroit, Michigan 
561 
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6 A large psychiatric service consisting of 30 per cent of all 
hospital beds, which would tend to increase the incidence because 
of the large number of paretics on this service, 

7 Approximately the same percentage of autopsies (40 per cent) 
secured for medical, surgical, and special services, and somewhat 
lower (26 per cent) for psychiatric service, and with two thirds of 
all autopsies secured from the medical service, 

8 All the laboratory tests performed by the same serologist , 

9 Specimens of blood taken routinely on all hospital admissions 


HISTORY 

Up to September 1, 1933, the Standard Kahn Test and a modi- 
fied quantitative Kolmer test were performed routmely on all blood 
specimens After a preliminary trial period the Kahn, Kline, and 
Kolmer tests were made on all blood specimens submitted from 
September 1, 1933, to January 1, 1934, a four>month period during 
which about 8,000 specimens were exammed It was found that, 
with rare and negligible exceptions, the Khne test was always posi- 
tive whenever the Kahn and the Kolmer tests were positive There- 
fore, we considered justifiable a procedure already followed in other 
institutions, namely, to employ the Kahn and the Kolmer tests only 
m cases which had exhibited a positive Khne reaction 


PRELIMINARY EXPERIENCE 

Dunng this four-month preliminary period we found that out 
of 8,000 specimens examined there were 886 which gave positive or 
doubtful Khne tests and which were negative for the other tests 
employed In an attempt to evaluate positive results by the Khne 
method only, we decided to obtain cUnical information from as many 
patients as possible by direct questioning This was done in an im- 
partial manner by one of the cUnical residents Of the 886 patients 
in this group only 247 were considered to be sufficiently codperative 
for questioning, and of these 107, or 48 7 per cent, gave chmeal or 
historical evidence of syphihtic infection Seventy-five, or 69 4 per 
cent, of these had received antwyphilitic treatment Of the 107 
cases with positive histones or ohmeal findings, 72 had doubtful 
tests and 35 positive tests 
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RESirLTS 

Dunng 1934, 23,668 blood specimens were examined for syphilis 
Of these, 3,350, or 14 2 per cent, were definitely positive Inasmuch 
as the Khne test was usually the strongest, we insisted that a posi- 
tive test should be at least two plus with the diagnostic antigen 
If we admit the one plus and the plus-minus tests which we classi- 
fied as doubtful, another 3,457 cases would bo added to bring the 
percentage to 28 7 

Dunng the same penod 618 autopsies were performed These 
cases were representative of the general hospital population Ap- 
proximately 14 per cent of the cases autopsied had positive sero- 
logical tests for syphilis, but of the 84 necropsied cases with positive 
blood tests 46, or 63 6 per cent, showed no histopathological evidence 
of syphilis With the doubtful tests m the necropsied cases added, 
there were 78 of 117 cases, or 66 6 per cent of cases with positive or 
doubtful teste which showed no gross or microscopical evidence of 
syphilis at autopsy , 

Sixteen cases, or 2 6 per cent of the cases commg to post-mortem, 
had fatal syphiUtic lesions, of which seven were cardiac (syphilitic 
aortitis with aortic insufficiency) and nine neurological 1 have al- 
ready called attention to the large number of paretics m this hospital 
Of theae fatal oases 12 out of 15, or 80 per cent, had positive se- 
rology and 3, or 20 per cent, were negative There were 38 addi- 
tional cases, or 6 1 per cent of all autopsies m which there was gross 
or microscopic evidence of syphibs, but m which syphilis was an 
incidental findmg and not the cause of death Of these 38 cases 
31 had serological examinations, of which 27, or 87 per cent, were 
positive and 2 were doubtful In the 46 autopsied cases with 
recogmsed syphilitic lesions m which blood tests were reported, 87 
per cent had positive tests This brings the total number of cases 
presenting histopathological evidence of syphilis at autopsy to 54, 
or 8 7 per cent of all autopsies This is somewhat m contrast to 
the 14 2 per cent of all admissions and the 14 per cent of autopsied 
cases which had defimtely poutive blood tests I presume, from 
the standpomt of the syp^lologist at least, that we are to infer thi^t 
the difference of 5 5 per cent (leaving doubtful tests out of considi^^ 
ation) represents latent syphilis which might produce no orgamc 
^don, but which may bec^o activated spontaneously It must 
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he f'Xplaincd that aypJulitir aortitis without valve involvement waa 
invariably the lemon of nonfatal syphihs recogntaed, and its presence 
or absence was to a large extent the criterion observed m grouping 
these cases There were doubtless a few early or mild cases of syph- 
ilitic aortitis which were not recognized in post-mortem study 

In contrast to the 46 cases at necroi>sy with positive serology 
and no pathological evidence of syphihs there were only 7 cases m 
which the reverse was true There were 33 cases with doubtful 
serology and no tissue evidence of syphihs, whereas m only 4 cases 
was the reverse true 

Among the 23,668 blood specimens examined there were 204 m 
which the diagnostic Klmc test was positive (two plus or more) and 
the Kolmer and the Kahn tests negative There were an additional 
2,069 in which the Klme test was doubtful (one plus or plus-mmus 
with diagnostic antigen) and the other two tests were negative 
According to our previous experience, we would be inclined to con- 
sider half of these cases as representing bona fide clinical syphihs 

By adding 2,446 specimens which gave positive reactions with 
the Klme exclusion antigen and the negative Kolmer and Kahn tests, 
a total 18 reached of 39 1 per cent of all blood specunens tested which 
gave positive, doubtful, or faint serological evidence of syphilis Con- 
Bidenng the 8 7 per cent of demonstrable syphilis at autopsy, such a 
figure would be quite ndiculous 

If we compare the sensitivity of the Kolmer and the Kahn tests, 
there were 448 which gave positive Kahn reactions (two plus or 
stronger) and negative Kolmer reactions There were 54 specimens 
which gave positive Kolmer reactions (two plus or stronger) and 
negative Kahn tests 


U10CUBS1ON 

There are Endings reported here which are quite inconsistent and 
contradictory They inspire confidence m the specificity of serologi- 
cal tests on the one hand and destroy it on the other Over a four- 
month period 72 cases were encountered m which the diagnostic 
Khne test was doubtful (one plus or plus-mmus), and in which 
clinical or historical evidence of syphihs was ehcitcxi On the other 
hand, with the same test only 33 3 per cent of cases with positive 
or doubtful serology presented gross or microscopic evidence of 
syphihs There may be several explanations 
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1 The rlitncal information may have been collected unfairly and 
leading questions used m history taking 

2 Our methods of examimng tissues at autopsy may not have 
hi en sufficiently fine to detect changes due to syphilis 

3 Benign tertiary syphilitic lesions are notably difficult to rec- 
ognize by any method employed, and a great many tertiary syph- 
ilitic lejnons would bt misscMl m a routine prosection 

4 Latency in tertiary syphilitic infection may be more common 
than IS generally supposed 

5 No special attempt was made to demonstrate syphilis at au- 
topsy, this comparison was not contemplated until after the end of 
the year 


CONCLtTglONS 

1 As a diagnostic laboratory procedure in syphilis, doubtful 
tests should probably be disregarded for practical purposes if labora- 
tory tests arc to correspond even approximately to autopsy findings 

2 Doubtful diagnostic tests and positive tests with the Kline 
exclusion antigen should as a rule be seriously considered only in 
checking treated coses 

3 In attempting to evolve a serological test which will detect 
between 80 and 100 per cent of syphilitic infection in the laboratory, 
extremely delicate tests have been developed which produce a large 
number of positive and doubtful reactions which cannot be correlated 
with clinical and autopsy evidence of syphilis 

4 These positive tests are not necessanly false positives, because 
the intangible element of latent S 3 rphih 8 must be considered 

6 A zone of nonspecificity probably exists between lalxfratory 
and chnical syphilis, the width of which is not fully appreciated 

6 We discontinued the Kolmer test at the end of 1M4 because 
it could not be demonstrated that the complement fixation test is a 
valuable adjunct to the laboratory diagnosis of syphilis, considering 
the highly efficient flocculation tests available 

7 Syphilis as a present-day mortahty factor must be exaggerated 
m the minds of both medical profession and laity when it is considered 
that only 2 6 per cent of a general hospital population died of syph- 
ilis, that more than half of these deaths were due to lesions of the 
central nervous system (owmg to the fact that 30 per cent of the 
hospital census consusts of psychopathic cases), and that essentially 
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none had been receiving active treatment During the same penod 
73 cases of cancer came to autopsy as compared with 16 of syphilis 
8 Two questions must be asked (1) Does this aone of 53 6 per 
cent^ m which the blood test was positive and the autopsy findings 
were negative, represent latent syphilis^ (2) If so, how serious w 
syphilitic infection which cannot be demonstrated by careful post- 
mortem examination? 

RBOBivma Hospital 
Dataoir, Michioak 



THE NUMBER OF EGGS PRODUCED AND 
LAID BY THE FOUR-TOED SALAMANDER, 
HEMIDACTYLIUM 8CUTATUM (SCHLEGEL), 
IN SOUTHERN MICHIGAN* 

PRANK N BLANCHARD 

A pparently the only definite reference to the number of eggs 
^ produced by the salamander Hemtdactylium scutatum is 8 C 
Bishop’s quotation * from the manuscnpt of Julia Moesel to the effect 
that 53 ovarian eggs were found m one specimen and 57 m another 
Bishop’s own observation* of an average of about 60 eggs In field 
complements seemed to mdicate that these counts were fair samples 
In southern Michigan, however, although more than 200 salamanders 
have been dissected and their eggs counted, no female has been found 
with more than 46 mature eggs in her ovanes, and the number ranges 
down to six Whether this is a real difference between the sala- 
manders of the Ithaca and the Ann Arbor regions remains to be 
demonstrated by further data from the vicinity of Ithaca 

Specifically, total ovarian egg complements have been counted m 
217 females collected m Washtenaw County, Michigan, and vicmity 
in the years 1023 to 1030 The results set forth ^phically (Fig 24, 
lower part) show the approximate range of vanation in numbers of 
eggs produced by this species m this region The lack of a well- 
marked single mode shows plainly that the collections on which the 
data were obtained represent a vanety of conditions For this reason 
the exact average of these counts, 20 eggs per female, has, probably, 
no great signifioanoe 

Counts of total egg complements from 50 natural nests (such as 
that shown m PI LVII, Fig 1) that contained not more than 46 
eggs (the upper hmit of ovarian counts, Fig 24, upper part) average 

* CkmtHbutltm from the SSoClogioal Laboratory of tbo University Michigan 
* Forh Mu9 Butt., Noe. 210, 220 257 1019 

* 
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31 1 egg8 per nest However, since nests with more than 40 eggs 
(such as in PI LVII, Fig 2) have a fair chance of comprising two or 
more complements * (observe diagrams in Fig 24), the average ob- 
tained by excludmg nests of more than 40 eggs may be more sigmf- 
icant This average, 27 8, is very close to that derived from countmg 
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Fio 24 Number of eggs in ft oomplemont of HemndadyUuin 
Upper figure Numbers of eggs m natural nests containing fewer than 47 eggs 
The average is 81 1 eggi per nest If nests of more than 40 eggs are excluded 
from const^ration as posribly comprising two complements, the average, 27 8, 
is very dose to that obtained from ovarian counts 

I^wer figure Counts of ovarian eggs In 217 females collected in various habi- 
tats and years Average, 22 eggs per female 

ovarian complements, i e 28 9 eggs per female The difference be- 
tween these two averages contains its probable error only one and 
one-half times, while the difference between the average of the ovarian 
counts and that of all natural nests of fewer than 47 eggs contains its 
probable error two and one-third Unxm* This bears out the sugges- 
tion made above, from inspection oi the diagrams In Figure 24, that 
nests of fewer tfajm 41 eggs are generally produced by dngie females, 
and that nests of 41 to 46 eggs are sometimes due to two females 

* Blanchard, F **Tbc Relation cl the Female Four'toed Salamander to 
Her Nest,*' Copem, No 8 187-188. 1984, 




PLATl- LVII 



Fia 1 Typical i«Mt iif Hetntdactyltum contammjK only on* complcriunt of » Kgw The 
attendant female und nioKt of the an ahoan uiultMturbed b\ parting and 
purihing oaide thi mo«M 



Fio 2 Typical large nesta of Hnnndaetyltum each containing eggs of two or more fe- 
males Head of the single attendant female shoa-s in center of left-hand nest In 
right-hand nest the female shows near center, with her head extending obliquely 
down at loft of tail 
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For convenience and completeness the figures relating to average 
egg complements are summarized m Table I 

TABLE I 

SVMKART or Avxraok Lgq Court bmkntb 

1 t Ifty nests containing fewer than 47 eggs average 31 100 zt 0 801 eggs 

per nest 

2 Dissections of 217 females average 28 040 rb 0 363 eggs per female 

3 Forty nests containing fewer than 41 eggs average 27 800 ± 0 703 

eggs per nest 

4 The difference between (1) and (2) is 2 160 =fc 0 934 

5 This difference contains its probable error 2 3 times 

6 The difference between (2) and (3) is 1 140 0 701 

7 This difference contains its probable error 1 4 times 

From this discussion and summary (Tahh I) it appears (on 
account of the clase correspondence between the average number of 
eggs in natural nests of fe\^er than 41 eggs and the average of ovarian 
counts) tliat (1) all the eggs produced by the ovaries are ordinarily 
deposited, (2) they are deposited in a smglc nest (that is, the female 
does not lay part of her eggs m one nest and part in another) , and 
(3) usually a nest of fewer than 41 eggs Is the product of a single 
female 

ITiat all the eggs produced are ordinarily dei>oaited is Iwrne out by 
dissections of spent females Most of such females have no eggs m 
ovaries, body cavity, or oviducts But in the large senes of spnng 
females dissected cases of failure to shed some of the eggs have been 
noted From one to several eggs have sometimes been found de- 
generating in the ovaries long after the other eggs had bee n laid and, 
rarely, degenerating eggs have been found m the body cavity One 
female, collected on May 28, had at least nine such eggs in the coelom 
There is no evidence that a few eggs are normally left m the body 
cavity after spawning, owing to the Inefficiency of the mechanism for 
getting them Into the funnels of the oviducts, as B G Smith ^ found 
to be the case in CryjMranchue 

The average total egg compl^ent may vary from one season to 
another in the same habitat llius, two rather large collections from 
Whiteoak vary markedly, and apparently significantly, m the two 

* **The ProcoM of Ovulation in Amphibia,'* AfW Aep* Afiefc Acad 8ci , 

18^104 1016 
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TABLE II 

SrMMARY OP Mban Total £oa CoicPUcmiNTa from Varioxta 
Localitibs and Sbasonb 


liooality 

DaUef 

ooUMtioa 

NumbOT 
of PpMi 
inani 

Meaa total «ga 
ooDplemmt aod 
probable error 

PtfferMiee be- 

tlTMO ffiMItl 

and probable 
error of dif 
(erenoe 

Number 
o( timee 
diff erenoe 
eontatne 

Ito proba- 
ble error 

Whiteoak 

April 21 1023 
18, 1930 

41 

66 

28 780 ^0086 
22 607 0 583 

6 173 ± 0 900 

60 

Hamburg 

* 20 1924 

47 

33 00 



loaco 

Nov 9 1924 
Apnl 5 1928 
Oct 17 1926 

10 

7 

11 

32 00 ±133 

30 71 ±0 83 

30 64 ±0 46 

120 ±157 

5 93 ±0 05 

08 

62 

Cady a Wooda 
Freedom 

April 20 1923 
19 

8 

7 

27 13 ±2 09 

34 80 ±2 66 

7 73 ±8 37 

23 


TABLE HI 

SuMMART OF KtXMBERB OF BoOS PRODUCBD BT LBFT AND 
RtQHT OVARUOS 


Number of 

Average number of eggs 

epeeimena m 
ooUeoUon 

Left ovary 

Right ovary 

41 

14 0 

14 8 

66 

112 

114 

47 

15 9 

171 

10 

16 4 

16 7 

7 

15 0 

16 7 

11 

17 4 

19 3 

8 

136 

13 5 

7 

178 

17 6 

Total number of ipeoimena disaceted 

217 

Mean number of eggs in left ovariee 

14 157it0207 

Mean number of egga in right ovaiiee 

14 687±0204 

Blfferenee between these means 

05S0±029 

Number of times this differenee contains 


its probable error 


19 


seagons 1923 taxd 1980 (Table II) The higher egg production of 1923 
le related to precipitation favorable to amphdiiaD Hfe, whereas the 
lower figure of 1930 is correlated with the unusually dry autumn of 
1928 and year of 1929 lilkewise the collection^ at loeco (Table U), 
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made in the spring of 1925 and the autumn of 1920, although small, 
seem to be sigmficantly different It Is worthy of notice that the 
collections made at this place in the autumn of 1924 and the ensumg 
spring are practically identical, when their probable errors are taken 
into account They should be, of course, but that they are demon- 
strably so m such small collections lends weight to the difference 
shown m the two different seasons (1926 and 1926) at this place 
The present data do not lend themselves to a demonstration of 
differences in egg production between two different habitats m the 



Fiq 35 Dtogram showing relation between total length of female ffemuiacty- 
Kutfi and number of eggi produced Each dot represents one female and 
her egg complement 

same season If the difference between Cady*s Woods and Freedom 
(see Table II) is a real one the collections are too small to ^ow it 
There is some evidence that the larger females lay, on the whole, 
more ew than the smaller ones This is brought out graphically in 
Figure 25, where each egg complement is plotted against the total 
lenj^ of the female that produced it It was necessary, of course, 
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to reject all records based on females with shortened or regenerated 
tails But to answer this question satisfactorily data should be ob- 
tained on about two hundred females collected in the same locality 
and m the same year ^ for, as pointed out above, there may be a real 



Fia 20 Diagram ahowlng variation in egg production between right and left 
ovaries, basod on 217 dissections Each dot shows the number of eggs in a 
left ovary and in its corresponding right one 


difference between different seasons, and between some habitats m 
the same season There is not likely, however, to be an early oppor- 
tunity to obtain such a series 

A comparison of egg production of left ovanea with that of right 
shows that the number of eggs in one ovary is often identical with that 
in the other, but that it is more often different, and sometunes 
markedly different To determine whether there is any real difference 
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between the ovaries, the average number of eggs in each has been 
tabulated separately for the prmcipal collection's (sec Table III) 
Seven of the eight collections show a slightly greater egg production 
by the right ovary However, the average of all the collections, to- 
gether with thirty si>ecimen8 taken at various times and places, shows 
an average differt net of only half an egg in favor of the right o\ary, a 
difference that is presumably of no significimce, sinct it is less than 
twice its probable error (Table 111) The Pearson lintar torrUation 
coefficient between the numbers of eggs m right and left ovaries is 
0 46 This shows a degree of dependence in nuinbt r of eggs between 
the two ovaries, but not so much as might be expected from the close 
correspondence between the means This is visibly evident in the 
scatter diagram, Figure 26 

NUMMARY 

1 In southern Michigan the salflunandor Hemtdactyhum produces 
ordmaniy from 18 to 41 eggs per female The mmimum count found 
m 217 specimens is 6, the maximum, 46 

2 Normally all the eggs produced by the ovaries are laid, but 
sometimes a few remain in them and, rarely, in the body cavity 

3 Larger females lay, on the whole, more eggs than smaller 
females, but there is much variation 

4 A female lays all her eggs in the same nest 

5 A natural nest contaming fewer than 41 eggs is probably the 
product of a single femsde, more than 46 eggs are probably due to 
two or more females 

6 The number of eggs produced by the females of a singU habitat 
may vary significantly from one season to another 

7 Although there may be considerable vanalion m egg produc- 
tion between the two ovones of a single individual there is no demon- 
strable difference m this respect in the population as a whole 

Uniyubbitt or Migbioan 




FAMILIES OF THE SPIDERS OF MICHIGAN 

ARTHUR M CHICKERINQ 

D uring the past seven years I have been collecting spiders from 
the State of Michigan Several lists of these animals published 
durmg the last four years give the results of this work as it progressed 
(Chickermg, 1932-^36) Additions, thus far unpublished, have been 
made to the number of identified species until I now have more than 
three hundred m my collection Twenty-one famihes of spiders are 
now recognized m Michigan according to my present system of classi- 
fication, which 18 only slightly modified from that of Petrunkev itch's 
Systema Aranearum (1928) All these families are well represented 
except the Dysdcridae, which have not been found here, but are 
included because of their expected occurrence, and the Oecobudae, 
of which but one Immature specimen has been taken in the state 
As a foundation for further work on the genera and species of the 
spiders of Michigan and as an aid to those who may wish to gam some 
knowledge concerning this very interestmg group of ammals, a key 
to the famihes native to the state is here provided, together with 
simple descriptions of each family It has been pointed out elsewhere 
(Chickermg, 1933) that spiders offer convenient material for bio- 
logical study with grade school children and high school students 
An attempt, therefore, has been made m this paper to provide a key, 
accompanied by simple figures, which will make it possible for teachers 
and older students to separate these groups with a minimum of 
difficulty In spite of this effort begmmng students probably will 
find places m the key where it will be difficult to make a decision 
There is no complete remedy for this, but reference to more extended 
treatises will furnish the best aid A brief glossary of terms used to 
separate the famihes is included as a further aid to beginners, to- 
gether with a general outlme of classification of our Michigan spiders 
and a simple diagnosis of each family 

KEY TO THE FAMILIES OF THE SPIDERS OF MICHIGAN 

I ^th a cribellum and a oatamiatrum (Figs 13-15) 

1 Without a oribeUum and a oalamietrum 

m 


2 

5 
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2 

2 

3 

3 

4 

4 

5 

6 

6 

6 

7 

7 

g 

8 

9 

9 

10 

10 


Cribellusn divided by a keel (ofion delicate and difficult to see) 4 

Cnbellum not divided by a keel 8 

Eyca all dark, pontenor metatarsi with a senes of ventral spines Ulobondae 
Eyes heterogeneous, with only anterior medians dark, postenor meta- 
tarsi without a sei les of ventral spines Dtctynidae 

Eyes crowded near the center of the cephalothorax, second segment of 
postenor spinnerets elongated Oecobtidae 

Eyes m anterior region of cephalothorax, second segment of postenor 
spmnerets short Ammrohitdae 

Tibiae and metatarsi of first two pairs of legs with long prolateral spines, 
between which are rows of shorter spines (Iiig 16) Mimeltdae 

Tibiae and metatarsi of first two pairs of legs without such spines, as m 
Mimetidae 6 


Fourth tarsi with a ventral row of serrated spines forming a comb 
(Fig 8) Thendttdae 

Fourth tand without a ventral row of serrated spines forming a comb 7 

With only six eyes 8 

With eight eyes 10 

With two tracheal spiracles on the ventral surface of the abdomen just 
postenor to the lung slits (Fig 4) lyyadenda^ 

With one tracheal spiracle on the ventral surface of the abdomen just m 
front of the spinnerets (Fig 1) 9 


With very long legs and chelate chellcfirao (Fig 10) Part of the 


Pholcidae (Spermophora) Phokxdae 

With legs of the usual length and uneatc ohehoerse (Fig 9) S%c(xn%dae 

Tarsi with only two claws (Figs 5, 7) 11 

Tarsi with three claws (Fig 6) 15 


11 Eyes in three rows, first row composed of four eyes, of which the medians 
are always by far the largest, second and third have two eyes tach, 


those of the second row being the smallest (Fig 19) Attxdae, 

11 Eyes in two rows, as m Figure 20 12 

12 Legs latengrade or crabhke (Care must b< taken m identifying Tihtllus, 

which docs not show the orabhke form so dearly) 7 honnatdae 

12 Legs progrado, as in the majority of spiders 13 

13 Fore spmnerets wdely separated Maxillary lobes (Fig 1) usually 

depressed obUquely transverse Draandae 

13 Fore spinnerets close together MaxiiUry lobes not depressed trans- 
versely 14 


14 Furrow of posterior spiracle near the gfiddle of the abdomen (Fig 3) 

Anyphamtdae 

14 Furrow of posterior spiracle in the usual position near the spinnerets 

Clulnorudae 
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15 

16 
16 

17 

17 

18 
18 

19 

19 

20 

20 

21 

21 
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Troohanters with a distinct, deep, bordered, spinicirrulur notch on the 


ventral side at the distal end (Fig 12) 16 

Trochanters without such a notch or with only a slight one 17 

Fyes in three lows, four small oyes in first ro^ and two large eyes in each 
of the other rows (Fig 17) I //rosidac 

Eyes m two rows (lug 18) Ptsauridos 

Legs very long and slender, chelate clicUccrac Pkolctdae 

liCgs of usual length, with uncato chehcerae 18 

Hind spinnerets very long 19 

Hind spinnerets of usual length 20 

Six spinnerets nearly in a transverse row (Fig d) Ilahmid(ie 

Six spinnerets clustcicd in the usual position (Hind spinntrLts ma> not 
be so greatly elongated in c< rtoin members of the family) AgeUnuiae 

Eyes all dark with anterior medians very small and a characteristic ar- 
rangement of all eyiMS with six large eyes forming a hexagon (Pig 21) 

Oxyopulae 

Eyes not grouped in a hexagon 21 


External surface tif chehcerae with strlduiatlng ridges, lateral corulylc of 
chehcerae aliseut, eyes heterogemjouB, shtet-web weavers, mostly 
small spidi rs Lxnyphudae 

External surface of chehcerae without stridulatuig ndges, lateral condyle 
of chehcerae usually present, but sometimes rudimentary or lacking 
(Fig 2), eyes usually homogeneous, orb weavers, mostly large 
spiders Argiopidae 


Classification of the Sfidees of Michigan 

(Slightly modified from Petrunkevitch) 

OROEB AEANEAE 

I Suborder Liphistiomorphae 

Known from only a small portion of the eastern part of the Eastern 
Hemisphere 

II Suborder Mygalomorphae 
Not represented m Michigim 

III Suborder Arachnomorphae 
1 Branch Teirasticta 

1 Family Dysderldae 

No representatives of this family have been found m Michigan, 
but the family should occur here, and for that reason Is included in 
my tables 
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2 

2 Family Oecobudae 

3 Family Amaurobudae 

4 Family Agelenidae 

5 Family Hahnudae 

6 Family Pisaundae 

7 Family Lycosidae 

8 Family Oxyopidao 

9 Family Sicanidae 

3 

17 Family Draftsidae 

18 Family Thomisidae 

19 Family Clubionidae 


Branch Trionyoha 

10 Family Dictynidae 

11 Family Theridiidae 

12 Family Pholcidac 

13 Family Lmyphiidae 

14 Family Ulobondae 
16 Family Argiopidae 
16 Family Mimetidae 

Branch Dionycha 

20 Family Anyphacnidae 

21 Family Attidac 


Ths. Chief Diagnostic Characters of the 
Famhies of Michigan Spiders 

DYSDERIDAE 

The Dysderidae of our reg;ion may be characterized as follows 
They are su-eyed spiders, with the antenor median eyes always 
missing They ha\e four spiracles, one pair of lung slits, and one 
pair of tracheal spiracles, which are placed just behind the epigastnc 
furrow All the coxae are long and cylindncal There is no thoracic 
groove The chelicerae lack the lateral condyle, but they have long, 
oblique grooves mto which the fangs fit The lip is free and long 
The posterior coxae are widely separated by a prolonged sternum 
The third pair of legs is often directed forward instead of backward 
in the usud manner This is a small family, with but two species 
expected m Michigan These spiders spm a primitive kmd of web 
and probably make no true egg cocoons The male palpus is simple 

OECOBUDAE 

This family is generally regarded as tropical and subtropical It 
contains but one genus The only specimen found m Michigan may 
have been a stray individual The cephalothorax is broader than long, 
smd the eyes are clustered near its middle The eyes are hetero- 
geneous The chelicerae are small and lack the lateral condyle Tbe 
maxillary lobes are strongly convergent at the tips The cribellum is 
narrow and delicately divided, and an inconspicuous ealamistrum is 
present The second segment of the postenor spmnereta is elongated 



Spiders of Michigan 579 

and provided with long spinning tubes on the inner side The post- 
abdomen is prominent between the posterior spinnerets 

AMAtTROBIIDAB 

These spiders usually have been umted with the Dictynidac but, 
in accord with Petrunkevitch^s system, they arc now regarded as 
constituting a distinct family They possess a divided cnbellura and 
a calamistrum on each posterior metatarsus The thoracic groove is 
longitudinal The chelioerae are promment and provided with a 
lateral condyle, and both margins of the fang groove are toothed 
There are three tarsal claws The sternum is not prolonged between 
the posterior coxae The eight eyes are m two rows, and only the 
anterior medians are dark But one genus occurs in Michigan 
Several species are common m stone walls and stumps, under bark, 
in hollow logs, and beneath overhanging banks and stones, where they 
spin loose, irregular webs with httle definite plan 

AOBLEmOAB 

All our Michigan Agelemdae have eight eyes m two rows The 
eyes are usually heterogeneous There are throe tarsal claws The 
posterior spinnerets are usually very long, but this is not so notice- 
ably true of some of the smaller members of the family The cephalic 
and the thoracic portions of the cepludothorax are separated by shal- 
low grooves The chelicerae are often swollen m front at the base 
These spiders spm sheet webs, often with a tubular retreat, hence the 
common name of funnel-web weavers Some of our most common 
spidem, such as Agelena naetna Walckenaer, the grass spider, belong to 
this family 

HAHNXXDAB 

Until recently this family has been regarded as a subfamily of the 
Agelenidae At present, for a number of reasons, the best of which 
are derived from Petrunkevltch’s recent studies (1933) of the mtemal 
anatomy of spiders, it Is desirable to consider the group as a family 
There is but a sin^e genus in our region, and this can be placed 
easOy by noting the six spinnerets arranged m a single transverse 
row, with the long posteriewr ones at the ends of the hue The pos- 
terior spiracle is prominently situated near the middle of the venter 
These spiders spin sheet webs, which are small and usually located 
near the surface of the ground. 
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PISAURIDAE 

These spiders are generally hairy and long-legged They are often 
found around bodies of water and may he termed semiaquatic All 
our Michigan Fisaundae have the eight eyes m two rows (Fig 18), 
and they are all dark There Is a semicircular, bordered notch m the 
ventral side of the trochanters at the distal end There are three 
tarsal claws The males possess a spur or apophysis at the distal end 
of the tibia of the palpus The integument is covered with plumose 
hair All our Pisauridac hold the egg sacs with the chelicerae while 
carrying them Because the females build special webs for the spider- 
hngs this group is commonly known as nursery-web weavers 

LYCOSIDAB 

These are the wolf spiders The integument is covered with sunple 
hair, and the legs are shorter than in the preceding family The 
eight eyes, which are all dark, are arranged m three rows, as illustrated 
in Figure 17 The anterior row consists of four small eyes, but each 
of the other two rows is composed of two large eyes TTie egg sac is 
attached to the spimiercts, and the spiderlmgs arc carried on the 
backs of the mothers The trochanters are deeply notched, as m the 
preoedmg family The tibia of the male palpus is without an external 
apophysis This is a large family and very common in Michigan 

OXTOPIDAE 

These are the lynx spiders They have long legs provided with 
long numerous spines They run and jump freely over the vegetation 
m pursuit of their prey They have three tarsal claws without a 
scopula The trochanters are not notched except slightly m the pos- 
terior pair There are eight dark eyes, and the anterior medians are 
very small, with the remaining sue eyes forming a hexagon (Fig 21) 
The mtegument is provided with scalehke hair The abdomen tapers 
to a pomt at the postenor end The family is poorly represented m 
Michigan 

SrOARItnAB 

There ate six eyes m all Michigan Skariidaei and they are arranged 
in three groups of two each All the eyes are nocturnal (pearly white) 
The labium and the sternum are not clearly separated by a distinct 
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suture Ttie lip is long, and the maxillary lobes are convergent 
There are three tarsal claws, and the pedipalp of the female is without 
a claw These spiders are mostly tropical and subtropical, with but 
one genus and on< species occurring m Michigan J'hc male palpus 
18 very simple 


DICTTNIDAB 

These are small spiders generally found on the bark of trees, among 
flower heads, lea\ es of plant^i, and sometimes beneath stones and m 
forest debris They are very well represented in Michigan There 
are an undivided cnbellum and a calamistrum on each posterior 
metatarsus There are cither six or eight eyes in two rows The 
thoracic groove is longitudinal Eac h chehcera has a lateral i ondyle 
The maxillary lobes are convergent and possess scopulac There 
are three tarsal claws 


THEBinilDAB 

The most distinctive character m these spiders is the comb on the 
ventral surface of the posterior tarsi, it is composed of a series of 
strong, curved, serrated setae (bristles) used for flmging silk over 
the entBingled prey Males frequently have stridulatmg organs on the 
abdomen and the eephalothorax There is no lateral condyle on the 
chehcerac, the promargin is usually smooth, and the retromargln is 
always so Tlie legs are without true spmes, and the tarsi have three 
claws The eight eyes are arranged in two rows and are always hetero- 
geneous Their webs are irregularly built with threads extending in 
all directions, but there is often a tent or a retreat beneath which the 
spider hangs 


PHOLCIDAB 

There are either eight or six eyes m these spiders, if there are 
eight eyes the two anterior medians only are diurnal The two groups 
of three eyes on each side are always nocturnal The cheheerae are 
chelate and without a lateral condyle The pedipalps of the female 
are without claws The tarsi arc long and flexible and usually have 
false segmentation lines There are serrated bristles on the tarsi, but 
no comb, as m the Therldildae All the whole legs are very awich 
elongated, and there are three tarsal claws The maxillary lobes are 
convergent and usually contiguous at the distal ends 
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LINTPHIIDAE 

These spiders frequently have been included as a part of the 
Thcndlidae or the Argiopidae, but they are now generally separated 
from both families Both species and individuals are numerous in 
Michigan They build sheet webs and hence are commonly called 
sheet-web weavers They have eight eyes, which are heterogeneous 
and vanously arranged There are three tarsal claws The chelicerae 
have no lateral condyle, but more or less distinct organs of stndidation 
occur on the external surface of the basal segments of these organs and 
the fang margins are oblique and toothed The legs are either smooth 
or provided with fine spmes 


ULOBOBIDAE 

This is a small family consisting of only two genera in this region 
They possess a cnbellum, which is undivided, and a calamistrum on 
the posterior metatarsi There are eight eyes, which occur in two 
rows, and they are all dark There are three tarsal claws One 
member of this family m Michigan spins an orb web like those of the 
Argiopidae 

AROlOPlDAS 

These are the true orb weavers and are the best known of ail 
groups of spiders The family is very well represented m Michigan 
There are eight eyes, usually homogeneous There are three tarsal 
claws The lateral condyle of the chelicerae is usually present, but it 
is sometimes lacking or rudimentary The margins of the fang groove 
are oblique and toothed, and there are no stridulating ridges such as 
occur in the Lmyphiidae The legs are usually provided with stout 
spines 

MllIETXnAB 

This IS another family which is poorly represented in Michigan, 
there are but two genera and two species They are easily dis- 
tinguished by the armature which occurs on the prolateral surfaces 
of the first two pairs of tibiae and metatarsi The tarsi have the 
serrated bristles, but not a comb such as occurs In the Theridiidae 
Hie chelicerae are without a lateral condyle, but both margins are 
toothed The maxillary lobes are convergent The eight heterogene- 
ous eyes are m two rows, and the lateral eyes are contiguous* Hiese 
spiders probably make no definite webs 
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DRAB8IBAB 

This family is also well represented in Michigan Ihe c^halo- 
thorax w low, and the body is usually smooth or covered with short 
hair They occur mostly beneath stones and bark, m moss, in rolled 
leaves, etc They do not spin webs There are two tarsal claws and 
tarsal pads or scopulae The anterior spinnerets are widely separated 
and stoutly cylindrical The posterior coxae are separated by the 
sternum The maxillary lobes are convergent and usually trans- 
versely depressed The chehcerae have lateral condyles and toothed 
fang margms The thoracic groove is always longitudinal There are 
always eight eyes m all Michigan Drassidae, arranged m two rows 
of four each, with only the anterior median eyes dark 

THOMISIDAE 

The members of this family are known as crab spiders because 
they arc latengrade The body is usually short and broad (Tibellus 
18 a noteworthy exet ption) The tarsal claw tufts ore usually present, 
but arc sometimes lackmg There are eight eyes, arranged in two 
rows of four each, and they are all dark The lower margin of the 
fang groove of the chehcerae is mdistmct and unarmed, the upper 
margin has one or two teeth The pedipalp of the female has a claw 
These spiders spin no webs 

CLUBIONIDAE 

No true webs are spun by the Clubiomdae, but they frequently 
construct nests and retreats by fastening leaves together with silken 
threads There are eight eyes m two rows of four each There are 
only two tarsal claws, but ^ere is a claw tuft usually present The 
lower margin of the fang groove is distinct and armed with teeth 
The fore spinnerets are contiguous 

Al<7YPHAJ&l7inAII 

The habits of these spiders are similar to those of the preceding 
family Until recently the Anyphaemdae have been included in the 
same family with the Clubionidae Most of the differences that 
separate the two families are obscure and difficult to deal with ip an 
elementary way The position of the tracheal spiracle near the middle 
of the abdomen separates them from the preceding family There is 
a smgle genus in the state, with several species 



584 


Arthur M Chtckenng 


ATTI0AB 

This IS a very large family and is well represented m Michigan 
They are the well-known jumpuig spiders They make no true webs, 
but spin nests which arc always sachke and serve as retreats The 
eight eyes are in three rows, as shown m Figure 19 All eyes are 
diurnal (dark) The chehcerac lack the lateral condyle The pedi- 
palp of the female is without a claw There are two tarsal claws, 
accompanud by a prominent claw tuft Ihe legs are adapted for 
jumping and are usually short and stout Ihe body is also short and 
stout in most species, and it is usually covered with hair or scales, 
which are often brilliantly colored and iridescent 

GLOSSARY 

Anterior spiracle - See Spiracles 

Apophysis — A strongly cbitmised outgrowth of a segment of the pcdipalp or of 
some other appendage 

Calamistrum — One or two rows of curvedi stiff hairs on the dorsal surface of the 
posterior metatarsi of certain spiders, used m combing out the broad band of 
silk produced by the cnbcdlum 
Chelate obeUcerae See Chehcerae 

Chelicerae — The first pair of appendages borne by the ocphalotborax situated 
m front of the mouth, regarded as modified antennae homologous to the 
second antennae of Crustacea Each chelloera consists of a large basal seg 
ment and a snmUer terminal one, which is called the fang These organs are 
used to seise and kill prey When it is closed against the basai segment the 
fang usually fits Into a groove called the fang groove Many chelicerae have 
on the dorsolateral face of the basal segment a distinct articular protuberance 
called the lateral oondyle or boss In a few spiders an outgrowth from the 
basal segment meets the tip of the fang to produce the chelate type of 
obeboera When this outgrowth does not occur the ohoUoora is of the uncate 
type 

Comb — A series of serrated, curved setae on the fourth tarsi of Theridndae 
(Fig 8) Used to fling silk over the entangled prey 
Claws, — Tarsal claws 

CribeUum — An organ of sievelike appearance with many spinning tubes 
situated just in front of the true ipinnerete, usually regaled as the source 
of the hackled band of certam kinds of webe It is considered a modification 
of a pair of spinnerets 

Byes* — The eyes of all spiders are simpU and somewhat resemble the ocelli of 
insects Certam of these eves are pearly white and are called nocturnal eyes, 
while others lack the pearly lustre and are called diurnal eyes The terms 
^'noctumal^' and ** diurnal’' now seem to be of doubtful propriety Spiders 
may have all of one type, when they are said to have homogeneous eyes, or 
they may have both ty^ and are then said to have heterogeneous eyes 
fang groove See Chelioerae 

Hairs* — Products of certain bypodermal cells that give the hairy appearance of 
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theee antmaUt The hatra inay be simple shafts or plumose or scaleliko iii 
form 

Labium — An appendafcc just m front of the stornura, lyinR between the max 
iltaiy lobes of the p^ipalps 
Lateral condyles — See Chellecrae 
Laterlsrade — See Progrado 
Lip See Labium 
Lung slits - Set Spiracles 

Maxillary lobes - The coxa of each pedipalp bearM a plate (Jbig 1), called a 
maxillary lobe, which is used for crushing the prey and squeezing the juices 
from it 

Pedipalps -- Iho second of the two pairs of appendages borne by the head 
cephalic part of the ccphalothorax In adult males the tarsus is modified 
into a remarkablt (Kipulatory organ 

Prograde — Used to indicate the usual manner of walking or running Crab 
spiders and certain other groups walk sidewise and are said to bo latcngrade 
Prolatoral Surface - In accordance with the terminology used by Petrunkevitch 
(1925), the apjiendages are thought of as extending outward at right angles 
to the biKly Ihen the prolateral surface is the anterior surface, while the 
retrolateral surface is tlie posterior surface of all appendages The ambiguous 
terms ** inner ’ and ‘outer," which differ with different apjiendages, are thus 
avoided 

Promargin A term appheni to the upper or outer margin of the chclioera of 
true spiders, while the lower or inner margin is named the retromargin 
Scopula — A brush of hairs on the maxillary lobes is called a maxillary scopula 
A similar brush of hairs may occur on the chehcerae In many spiders pads 
or brushes of specialized hairs occur on the metatarsi and tlie tarsi 1 hese are 
also often called scopulae 

Spinnerets — The elongated tubes usually situated near the posterior end of the 
ventral side of the abdomen just in front of the anal tubercle 
Sidracles Openings of the respiratory organs on the ventral surface of the 
abdomen The anterior spiracles, usually one pair but sometimes two jiairs, 
called "lung slits," lead to the book lungs near the anterior end of the ab 
domen close to the epigastric furrow (Fig 1) The posterior spiracle or 
tracheal spiracle usually lies just anterior to the spinnerets, but sometimes 
near the nuddle of the abdominal surface Ordinarily a single opening leads 
to tracheal tubes, which ramify among the Internal organs more or less com 
pletely, but in the Dysderidae two openings occur {Fig 4) 

Stridulatiiig ndges Ridges on the external surface of tlie basal s^pnents of the 
oheliccrae, over which the prolateral surface of the femur of the pedipalps is 
drawn to produce sound 

Tarsal claws — Claws w Moh occur at the distal end of each tarsus of each leg 
There may be two or three claws In the former case the claws may or may 
not be accompanied by a pad of specialised hairs (Figs 6, 7) 

TlMtt^G groove — A groove In the thoracic portion of the carapace (Fig 1?) 
Tracheal aplrade — See Spirades 
tincate chalicarae — iSee Cbelioerae 

Alrion ConiiBoxi 
AlAlOM, MicniQAN 
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EXPLANATION OF PLATE LVIII 

SXTJEBNAL ANATOMY OF THB 8PIDICR 

Fiq 1 Ventral surface of a spider A, tracheal spiracle, B, spinnerets, C, epi- 
gastric furrow, D, anterior spiracle, E, epigynum, F, labium, O, ba^ 
segment of chelicera, H, fang, I, pedipalp, J, maxillary seopula, K, max- 
illary lobe, L, sternum, T, coxa, M, trochanter, N, femur, 0, patella, 
P, tibia, R, metatarsus, S, tarsus 

Fio 2 Dorsal surface of the oephalotborax of a spider U, thoracic groove, 
V, cephalic groove, W, lateral condyle or boss, X, basal segment of ohehoera 

Fio 3 Ventral surface of Uie abdomen in the Hahiiiidae 

Fio 4. Ventral surface of the abdomen in the Dyederidae, showing the two 
tracheal spiracles 

Fio 5 Tarsus with two eUws without tarsal pad 

Flo 6 Tarsus with three oUws 

Fio 7 Tarsus with two claws and tarsal pad 

Fto 8 Fourth tarsus in the Theridiidoe, sbowhig the *'oomb'' 
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I-VTFKNAI AN^lOM'i OI- IHF SPIDl-H 
FlU ft Auuniatt chelima 
1 H3 10 A pht lato I ht her rn 

I la 11 Stlldul^tItl^ nd^eH cm cxtiinu) burfiico c»f u chilicpra 
1 lo 12 The hordtird TUJtch m a 1n>chant«i 

1 ui Id Amauiohiui lvp< of mix Hum 

Fio M The hunu t\tH <»n n hmall Koalt xhcjwjnjC poHjOon aiitcrior to the 
apinnc rt 

1 ici 15 fourth metatarsus, v^ith iIh LuiamiHtruiii 

I lo 1ft Ariiiatviri of the iniiiutul tibia and nii tataraus 

Flu 17 f>< uroup of tlu fjposidao 

fio 18 Kye group of thf Pinaundaf 

ltd 19 f>c group of thi. Mtidac 

flu 20 Fve group of the Clubiorudac. 

fiu 21 Ejt* group of tlu Oxjopulat 





AGE AND GROWTH OF THE GOLDEN 
SHINER {N0TEMIG0NU8 CRY80LEUCAS 
AURATU8) AND ITS SUITABILITY 
FOR PROPAGATION* 

QBRALD P COOPER 

S tudies on the rate of growth of the golden shiner {N oUmigonus 
cryBoUucaa auraius) were made by the scale method on 1^058 
specimens from twenty Michigan localities Details concerning these 
various collections, together with the tabulation of the average 
standard lengths of the age groups of each, are presented In Table 1 
There occurs a marked venation m rate of growth within the state 
There is a correlation between the rate of growth of the golden shiners 
and two climatic gradients indicated by Seeley (1922), namely 
(1) the average number of days m the growing season (from the last 
kiUmg frost in spring to the first killmg frost in autumn), and (2) the 
mean annual air temperature These fish grow more rapidly in the 
warmer waters of southern Michigan than they do m the colder waters 
m the northern part of the state (Table I and Fig 27) This correla- 
tion between rate of growth and certain chmatic features is m accord- 
ance with the results presented by Hubbs and Cooper (1935) for the 
long-eared sunfish (Xenotis megaiatia peUastes) and the green sunfish 
{Apomctia q^neUua) m Michigan 

The specimens considered in this study were collected chiefly by 
two types of gear giU nets (of various siaes of mesh) and semes (com- 
monnsense and coarse meshes) Qill nets took chiefly those collec- 
tions containing only large specimens (for example, all the collections 
from lakes m Kalkaska County and those from Nichols and Eagle 
lakes) The collections containing large numbers of small fish (for 
example, thoee from Watkins Lake and Huron and Manistee rivers) 
were made with seines Thus In individual collections, owing to the 
type of gear used, there was considerable selectivity for certidn’^slaea 

* Oontnbrutkm from the Institute for Fisheriss Research, University of 
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of specimens The unnatural size distribution of the specimens from 
different localities is somewhat compensated for by com bin mg the 
collections A cross section of the natural population, fairly repre- 
sentative m size distribution, is obtained by combming the results 
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!< to 27 Rate of growth of goldeu ahinera from Michigan localities correlated 
with the average number of days m the growing season (from the last killing 
frost in spring to the first killing frost in autumn) The Roman numerals 
refer to completed winters of life Data arc from Table I 

of the age and growth studies made upon the specimens from all 
localities 

The Huron River series collected on May 19, 1934, by the writer, 
with the aid of Dr Henry Vander Schalie, proved especially adequate 
for studies on rate of growth in that it contained a large niunber of 
specimens having a wide range in size At the time the collection was 
obtained there was a great concentration of these mmnows just below 
the power dam at Ypsilanti One haul with a 26-foot common-sense 
seme yielded 641 specimens q( golden shmers, together with several 
hundred sunfish, crappies, carp, and other species Since the entue 
lot was preserved, the group of shmers used In this study represents 
a random sample of this crowded population 
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TABLE 1 

Ratio or Growth or Goldhn Shinbrs from Michiqak Localitibr 

The collections arc grouped according to the length of grow ing season and to 
the mean annual temperature The average standard length m millimeters for 
each age group is given for each locality The inferior number appended to each 
average is the number of specimens upon which the average is ba^ 


Qrowing season mean 
t«np 
County 

Lake or stream date 

110>140days 39®-46®F 
Luos Co 

KiUhainL 6/23 
Kalkaska Co 
BassL 6/4 
BassL 7/27 
Kast L , 9/1 
Indian I 7/13 
Perch L 7/6 
Manistee Co 
Manistee R 4/14 
Iosco Co 

Cooks Dam 6/1 1 
Alcona Cu 
Alcona Dam 6/6 7 
Oladwln Co 
RossL 6/20 

140»l$0days 46®-60* F 
Newaygo Co 
Nichols L 6/16 
Ingham Co 
Jonse L 0/24 
Kent Co 

Hatohs^ spring 
Jackson Co 


Winter marks 


48 lu 66 54 


Watkins L ,6/29 
WaiJitenaw Co 

41 Im 

69 4m 

95 0i« 

Third Sister L 6/21 


55 3i 


Huron R 5/8 


56 art 

1017. 

Huron R 5/16 


710im 

91 OiT. 

Wayne Co 

EiU^nL 6/24 



131 2. 


Van Buren Co 
Eai^a L .5/14 
Lenawee Co 
Dewey L 4/96 

110>140days 39P-46* F 
Summary 

140-180 days 45»-50« F 
Summary 

AU localities 
Grand summary 


Ill 

IV 

V 

VI 

61 5*4 

65 8> 



107 0i 

no In 
106 7. 

101 Ot 

lie Oi 

122 53 
107 8i 

125 34 

126 Oi 
120 64 
120 Oi 
II 6 O 1 

123 5. 
125 5. 

65 3f 

75 3« 

93 6. 


68 Ot. 

102 Oi 

113 3i 


82 9. 

90 03 



121 If 




114 0> i 


131 Ot 

192 Oi 

1110 > 




129 3. 

133 7i 



) 101 9m 

U5 7,4 

126 53 


U7(H 



183 Ot 


172 Ot 

170 Os 

177 Ot 

80 5rf 

87 7m 

U7 0i4 

124 6 , 

• 105 9« 

121 Hi, 

137 0. 

184 (k 

4 92 2t4f 

100 5«, 

131 8 tt 

150 Oi 
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Snn FiUKiiTSNGrss fob Each Aob Qboitf or Ck)tiDBK Shuouis Takxk 
FBOM TBB Huron Rxvbr at YraiUAim ok Mat 19, 1934 


Standard 
length 
in mm 


46- 48 
49- 61 
52- 54 
55- 57 
58- 60 
61- 63 
64- 66 
67- 69 
70- 72 

78- 75 
76- 78 

79- 81 
82- 84 
85- 87 
88- 90 
91- 93 
94- 96 
97- 99 

100-102 

108- 105 
106-108 

109- 111 
112-114 
115-117 
118-120 
121-128 
124-126 
127-129 
130-133 
138-135 
136-188 
189-141 
142-144 

Average length 
in mm* 

No apeoiineng 



* The average lengtha were caleulated from the freqoeneiee for each miUi- 
meter sUe group, not from the frequency daaeea given in thla table 
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The rate of growth of the specimens m this Huron River series is 
summarised m Table II and Figures 28- 29 The scales of only two 
specimens of the senes (one each of the I- and Il-year groups) show 
growth m the 1934 growing season Although the 1934 winter annulus 
had not been formed on the scales of any except these two specimens, 
the margm of the scale is considered to represent an annulus There- 
fore **wmter marks’^ (as used in Table II) refers to completed winters 
of life, for example, the I-group are young of the previous summer, 
and the I I-group are young of 1932 The designated average length 
of each year class is the actual sise attained at the end of each growing 
season Compared with the same species m other localities, the 
young golden shiners of this senes had an excellent growth during 
the summer of 1933 Their better growth is more pronounced than 
IS mdicated by Table I, smee these young had no growth m their 
second summer, whereas the young in most of the other collections 
had made part of their second summer's growth by the tune they were 
collected Diameters of scale areas reptesenting penods of growth 
mdicated that the two-year-old fish had attained a large size m 1933, 
but that their growth as young m 1932 was much leas than that of 
the young of 1933 This seems to indicate that for this species condi- 
tions m the Huron River were better dunng the summer of 1933 than 
durmg 1932 

Matunty appears to be related to the size at the end of the first 
year, that is, in any one locality matunty is determmed by size rather 
than by age ^ The larger young are the first to reach matunty, at 
which time there is a noticeable slackenmg m rate of growth In the 
large Huron River series growth areas on scales of the two-year-old 
specimens indicated that the shiners which had attained a large size 
in their first year and which apparently had reached maturity early 
m their second summer grew little during their second year Con- 
versely, those shiners which grew little In their first summer (as was 
true <k most of the Il-year class) were apparently immature through 
most, if not all, of their second summer, during which they made a 
rapid growth This species therefore appears to show the phenomenon 
of growth compensation 

In the Huron River series all the one-year-old females, except a 

^ This, however, does not appear to be of umversal application to the spedes 
Htthbs (1601) mentioned that most of the greatly dwarfed golden shiners of San 
Pie^ ^vsr, Cahfomta, become mature at the end of their Snt year of life. 
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few of the smallest, and all females of subsequent year groups were 
mature and would have spawned dunng the 1934 season The ova 
m all maturing females were of approximately the same size (about 
0 5 mm in diameter) The princifial difference between the various 
age groups of females was in the size of the ovaries and the number of 
eggs which they contained rather than in the size of the eggs — the 
Ovanes of the older fish were larger and contained more eggs Ob- 
servations on the testes indicated that the males were maturing at 
the same age as the females 

In general, the age of maturity of golden shiners m all the warmer 
waters of the southern part of the state agrees with that of the 1933 
young of the Huron River senes — the second summer of life In 
the colder waters of the northern part of the state matunty is usually 
delayed until the third summer The approximate size at which ma- 
tunty 18 reached is 50 to 70 millimeters standard length, or 2i to 3i 
Inches m total length 

Sexual dimorphism m rate of growth Is probably characteristic of 
this species, females grow more rapidly than the males (see Tables 
II-IIl and Figs 28*“29) Most of the collections contain too few 
specimens to demonstrate dimorphic growth, however, the largest 
and most reliable series (the Huron River collection of May 19) shows 
this phenomenon clearly Since this difference m rate of growth 
first manifests itself m the second year of life, coincidentally with the 
first year of maturity, it is probable that these two phenomena are 
related 

Female golden shiners are distmcily more viable than males (see 
Table IV) The rapid change in the relative abundance of the two 
sexes, with increase in age, is not due to greater ease m catching 
spawnmg females as compared with males The two sexes are repre- 
sented m equal numbers in the Il-group (third summer), at which age 
practically all females are mature A sudden drop in the number 
of males occurs after the third summer, and males older than four 
summers (three wmters) are rare 

In the light of present knowledge goldai shiners are well suited 
for propagation in ponds to furnish forage fish at hatcheries and to 
provide bait minnows An unfavorable aspect of the western form 
from this pomt of view is that by ihe end of its first year of life it 
seldom reaches a sufiScient size (four inches or more) for bass and pike 
bait Therefore the slow growth would necessitate holding these 
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TABLE IV 

Tot NfuMBfiBS or Each S*x or Qoldvn Shinbra m Each Aoa 
Groop rnoM All Michigan Locautibs 



Winters of life 


I 



IV 

V 

VI 

VII 

Males 

266 


24 

6 

1 



Females 

239 


121 I 

42 

21 

6 

2 


shiners in ponds over winter in order that they might attain this 
desired sise m the second summer, in northern Michigan it might 
be necessary to hold some fish until the third summer More rapid 
growth can probably be mduced by bettered environmental con- 
ditions or by selective breeding 

Studies on rate of growth were made on four collections of the 
eastern subspecies of the golden shiner (Notemtgonus crysoleucas 
crysoleucas) to determine whether the eastern form is appreciably 
faster-growmgi and hence a better forage and bait mmnow than the 
western subspecies aurofus The dates and the localities of these 
New York collections ‘ and the average standard length m millimeters 
of each age group withm each collection are presented in Table V 
The collection from Cooper^s Pond was made with a 100-foot seine, 
the collection from Bachus Pond, with a short seme and a gill net, 
and the collections from Kmckerbocker and Snyder lakes were made 
with gill nets Because of the sise selectivity of the methods of collect- 
ing and because of the small number of specimens In the collections, 
no extensive generahsations on the life history of the eastern sub- 
species can be made at this time These data are given solely to show 
the general trend in rate of growth 

On the basis of the data presented a summary of the growth of 
these two subspecies is given at the end of Table V These data 
indicate that the two forms grow at approximately the same rate 
for Uie first four summers There is an indication that in the latter 
years of life the growth of the eastern subspecies (cryecHeucas) is 
somewhat faster than that of the western subspecies (auratus) , this 
difference might, however, ^ the result of gear selectivity in collecting 

* Obtsined.through the oourteiy of the New York SUte Biolo^oel Survey 
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the epecmiens If the difference is real, one of the chief advantagcH 
of the eastern over the western form, as a forage minnow, would l>e 
that largrr breeders could be used Since the easttrn suKspecus is 
markedly a heavicr-bodied fish, it might be expt^cted to give in pond 
culture a greater production in weight than does the western sub- 
species 
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THE DEEP-WATER BOTTOM FAUNA OF 
LAKE MICHIGAN* 

FRANK E EGGLETON 
Introduction 

I T IS a challenging fact that our knowledge concerning the biology 
of those unique fresh-water seas, the five Great Lakes of North 
Amenca, is still most aptly characterized by its paucity 1 he limnol- 
ogy of the Great Lakes has hardly been touched The field dealing 
with the biology of their bottom fauna is practically virgin territory 
The writer, therefore, gratefully accepted the opportunity presented 
when Dr John Van Oosten, aquatic biologist in charge of Great 
Lakes Fishenes Investigations of the United States Bureau of 
Fisheries, offered to have a series of bottom-fauna samples taken 
from the deeper water of Lake Michigan and asked if the writer would 
study them 

Mbthodb and Equifmxnt 

One senes was taken throughout the spring, summer, and autumn 
of 1931 , another during the 1932 season Field work was done aboard 
the United States Bureau of Fishenes' motor ship Fulmar , a converted 
schooner of slightly more than one hundred feet in length A few 
samples, principally for use as a check, were taken with an Ekman- 
Birge dredge measuring 22 ft by 22 6 centimeters Nearly all the 
samples, however, were collected with a Petersen dredge, which 
weighed about 22 5 kilograms (50 pounds) and which covered a 
surface area of 625 square centimeters The dredge was lowered and 
hauled in by a small wmch, a steel cable, and a davit At the ftuter end 
of the davit the cable passed over a meter wheel which registered 
directly the depth where the samjde was taken (PI LX, Pigs 1*2) 

* Published with the permiaston of the United States Comxnlssioaer ol 
Fisheries Contiibution from the Bspertment of ZoCtogy, University of Mleh- 
igan. 
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The contents of the dredge were emptied into a tub, in which they 
were mixed by the hands with stramed surface water and poured into 
a cloth net, the straining surface of which was composed of fine-mesh 
gnt gauze In this the coarse d^bns and the captured animals were 
washed free from fine mud and sand The residue m the net, both 
coarse d6bns and animals, was emptied into pint jars or bottles con- 
taining date-locality labels and preserved for later study (PI LXI) 
The laboratory study of this matenal has been a time-conmimmg 
process, requiring for any reasonable degree of accuracy a slow, 
persistent searching and repeated re^xammation of very small por- 
tions of the d^bns The following procedure was adopted at the out- 
set and has been uniformly adhered to throughout that part of the 
work which has been completed A small portion of the contents of & 
jar was emptied into an ordinary wire-mesh tea strainer, which had 
been lined with number 10 silk bolting cloth, and was there gently 
washed free of all remaining silt and dust-fine detritus Approxi- 
mately 5 cubic centimeters of this washed matenal was then trans- 
ferred to a fiat glass dish 4 centimeters deep and 23 centimeters in 
diameter and floated out evenly over the bottom by filling about one 
third of the dish with water The various macroscopic animals could 
then be removed by the use of pipettes, fine-pointed forceps, or metaJ 
seekers with fine, recurved points As the animals were removed from 
the debris they were sorted into serially numbered vials, which were 
then plugged with cotton, packed in fruit jars, and covered with 
70 per cent alcohol After the larger animals had been removed, the 
d^bns was systematically searched under a bmocular microscope for 
smaller organisms, eggs, embryos, cocoons, and the like Whefi the 
whole bottom of the dish had been searched m this way, the ma- 
tenal was thoroughly mixed and redistributed over the bottom and 
refixamined in the same manner Sometimes it was necessary to mix 
the debris and to repeat the search several times before it was no 
longer possible to find a few, scattered small organisms or their vari- 
ous life-hiatory stages The microscope used for this work has been 
a Spencer Convertible Binocular, No 68, equipped with removable 
stage and a large board covering the base of the instrument, on which 
the glass dish could be placed for examination After the animals 
had all been removed from a sample they were placed in watch 
glasses, identified, enumerated under the binocular, and returned to 
the proper vials and jars for storage 
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Distribution of the Samples 

As Map 40 indicates, all the 1931 samples were taken south of a 
luie drawn from Frankfort, Michigan, to Algorna, Wisconsin Num- 
bers refer to the position of the stations, bars beside them show the 
location of expeninental chub nets The deepest water was encoun- 
tered at Stations A, B, C, and D, between P'rankfort and Manistee, 
Michigan, and Two Rivers and Kewaunee, Wisconsin 

During the early part of the 1932 season samples were taken only 
m Green Bay Later in that year the sampling was extended to in- 
clude both Green Bay and the northern cud of the open lake In 
Map 41 numbers and positions of bottom-fauna and of experimental 
gill-net stations arc indicated as in Map 40 As m the former year, 
the deepest water was found between Frankfort, Michigan, and 
Kewaunee, Wisconsin, and Stations A and B show where these 
deepest-water bottom samples were taken in 1932 The greatest 
depth within Green Bay from which bottom samples were collected 
was at Station 26, where the water was 46 meters deep, and the 
shallowest was at Station 12, where the depth was only 24 meters 
The total number of samples collected during the two seasons of 
1931 and 1932 was 167 The depths from which they were drawn 
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Maf 40 Location ol bottom-faun» stations and experimental gU! nets in take 
Michigan during the 1931 season 
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Map 41 Location of bottom-f&uDA stations und expenmenta! gill nets in Lake Michigan 
and Green Bay dunng the 1932 seaaon 
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range from 34 to 246 meters Figure 30 makes it plam, however, that 
most of these were distributed between depths of 24 and 160 meters, 
with only a scattered few below the greater depth 

Certain data relative to the distribution of the 1931 samples have 
been arranged in Table I The 49 different depths from which they 


Number of Samples 
0 I 2 3 4 5 6 7 6 9 10 12 14 16 16 20 



Fjo 80 Distribution, acoording to depth, of bottom-fauna samples ooUeeted in 
XAik6 Michigan in 1981 and 1932 

were collected are mdicated m the first column and, in addition, the 
whole table has been divided by a series of 15 horizontal lines so drawn 
that they separate from those adjacent to them the data pertaining 
to each 10-meter stratum In the second column the first vertical 
line of figures lists the number of samples from each depth, and the 
second file of figures in that column states the total number of samples 
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TABLE I 


Diatrsbution or Dkep-Wates BorroM-rAUNA Sampleb, 
Lake Michigan, 1031 


Depth in 
meters 

Number of 
samples 

Dates (between May 11 
and Nov 2, 1031) 

Stations 

40 

1 

Au« 17 

22E 

44 

1 

Aug 7 

22E 

45 

1 

July 18 

22L 

47 

1(4) 

July 30 1 

32E 

52 

2 

May 14, Aug 18 

7t 26E 

53 

1 

Aug 26 

26E 

54 

1 1 

July 1 

18E 

55 

1 

May 12 

5E 

56 

2 

May 11, June 30 

12E, 12£ 

57 

2 

June 9, 18 

18W, 18E 

58 

1 

Aug 19 

32E 

59 

1(11) 

Aug 27 

32E 

62 

1 i 

Sept 18 • 

9W 

63 

3 1 

May 15, 27, Sept 29 

9W, 6W, 40W 

88R, 4ew 

68 

2(8) 1 

Aug 31, Oot 22 

70 

1 

Aug 6 

aiw 

76 

1 

Nov 2 

^E 

77 

2(4) 

June 1, 27 

16W, 16E 

83 

2 

June 25, July 8 

25E, 29E 

84 

2 

May 26, Sept 23 

13W, 46E 

87 

5 

May 12, 27, Juno 30, July 8, 
Aug 3 

14E, 14E, 13E, 25E, 
25W 

88 

1(10) 

May 1 1 

13E 

00 

1 

July 6 

23 midpoint 

91 

1 

Aug 26 

17E 

95 

3 

June 9, 18, July 1 

14W, 14W, 14W 

96 

1 

July 18 

8E 

97 

3 

May 28, June 15, July 10 

4E, 21W, 21E 

98 

3(12) 

May 14, June 29, Aug 18 

8E, 21W, 17E 

100 

1 

June 22 

8E 

101 

1 

July 20 

17E 

103 

1 

Aug 6 

81W 

100 

1 

Sept 28 

: 44W 

107 

4 

Aug 17, Sept 29, Oct 9, 21 

37W,41W,44W,44W 

108 

2 

Sept 3 4 

41E, 17E 

100 

2(12) 

July 8, 17 

17E, 81 E 

110 

2 

July 9, Sept 18 

20W, 17W 

110 

1(8) 

June 24 

23W 
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TABLE I (Continued) 




Dates (between May 11 

Stations 



and Nov 2, 1981) 

183 


Sept 23 

46K 

136 


May 19 

lOE 

188 


June 13 

30E 

189 


July 24 

33E 

144 

1 

June U 

17W 

145 

1 

Oct 6 

47W 

146 

2(4) 

Aug 13, Sept 11 

83E, 38S 

163 

1(1) 

Au« 12 

85E 

172 

1(1) 

Oct 15 

4rE 

189 

iri) 

July 22 

32W 

220 

1(1) 

June 24 

- ■ , - — 

A 

244 

1(1) 

July 30 

C 


Bxmu ARY ^ 75 flamplcg, from 49 different depths, rmigiDg from 40 to 244 
meters, taken between May 11 and November 2, 1981, at 49 different stations 


collected within each of the 10«meter strata These figures have been 
enclosed by parentheses Thus between the depths of 40 and 49 
meters 4 samples were taken, 11 between 50 and 59 meters, 6 be^ 
tween 60 and 69, and so forth Samplmg was begun on May 11 and 
oontmued intermittently throughout the spring, summer, and autumn 
until Novmber 2 Smee the data in the table ba\e been arranged 
in order of increasing depth instead of chronologically, the first Une 
relates to a midseason collection rather than to the first one of the 
year In several instances two or more stations were located in water 
of identical depth, although usually such stations were more or less 
widely separate The two samples from 52 meters illustrate this 
fact The first sample of the season to be taken at that depth was 
collected on May 14, at Station 7£, which was located off the eastern 
shore of the lake between Muskegon and Grand Haven, Michigan 
The second sample from 52 meters to be taken that year was not 
drawn until August 18, when the field party was at Station 2d£, 
i^proxiinately 60 miles away to the north and about 7 miles offshore 
abreast of Ludington, Michi^ However, not in all insiaoees where 
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the table indicates that samples from a particular depth were taken 
on different dates was it true that they were likewise from different 
stations For example, three samples were hauled from a depth of 
95 meters, one each on June 9, Juno 18, and July 1 , but all three 
came from Station 14W The letters appended to the station num- 
bers have the followmg significance indicates that the bottom- 
fauna station was at the eastern end of a gang of nets bearmg the 
correspondmg number, ** W,” that the station was at the western end 
of the nets The distance from “E” to “ W’’ was approximately one 
mile The summary of the table states that the samples were drawn 
“from 49 different depths at 49 different stations ” This is 
merely a coincidence, smee many different stations widely separated 
in the lake chanced to have identical depths 

Table II contains data for the 1932 season, arranged m the same 
manner as are the 1931 data m Table I Several significant differ- 
ences exist between the distribution of the samples in the two years 
Whereas m 1931 the shallowest depth from which samples were drawn 
was 40 meters, in 1932 samplmg extended over a range in depth of 
from 24 to 246 meters, with nearly one third of all the samples taken 
that season collected in water less than 40 meters deep During 1932 
no samples were collected between 144 and 240 meters, but in 1931 
several samples were taken from rather uniformly distributed depths 
between the same two contours In 1932 field work began earlier 
in the sprmg and likewise ceased earlier m the autumn than it did 
m 1931 In fact, although the 1932 season began almost a month 
earlier, it was actually just one month shorter, the two seasons ex- 
tendmg over, approximately, six-month and five-month periods, 
respectively As In Table I, the letters appended to the station num- 
bers in Table II show the direction In which the net gangs were set 
and indicate at which end the bottom-fauna station was located 

The Benthic Fauna 

The 1931 samples have been completely sorted, and some of the 
data tabulated, but cmly a few of the 1932 collections have been 
studied thus far From that part of the work which has been fimslied 
one fact stands out very clearly, namely the number of speofea 
found Is small, but the number of mdivlduals is large This fact 
agrees with similar findings in studies of the profundal fauna of other 
lakes (Adamstone, 1924, Adamstone and Harkness, 1923, Cronk, 
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TABLE II 


DlSTRlBOTION OF DbeP-WaTKH BoTTOM-FaUNA SAMPLES, 
Lake Michigan^ 1Q82 


Depth m 
moUre 

Numbt r of 
samples 

Dates (between Apnl 19 
and Hopt 12, 1032) 

Stations 

24 

1 

May 17 

12SF 

2^ 

3 

April 29, May 10, 11 

ONE 12NW, 16NE 

2« 

1 

May 3 

IINW 

27 

t 

May 5 

I4SW 

28 

3 

April 21, 22, May 18 

48E, 5Nr 19W 

29 

2(11) 

April 27, May 24 

8NW, 19E 

30 

1 

April 19 ' 

INW 

31 

7 

April 20 20, May 2 2, 21, 
23, June 8 

2NW 3NW, lONE 
lONI, 2m, 22NW, 
28SW 

32 

7 

April 22 28 28, May 17 23 
25, Aug 12 

Ma\ 9 

6NF 6SW, 6SW, 18SE, 
18SI* 20N, 65E 

34 

1 

168 

35 

3(19) 

May 12, 13, 25 

13NF, I7N, 288W 

41 

1: 

May 2o 

24W 

44 

1 

June 9 i 

24E 

45 

1 

June 8 

25NW 

46 

2 

June 13, 13 

2o8E, 25SE 

48 

2 

Aug 8, 15 

55W 578 

49 

1(8) 

July 30 

41NK 

65 

1 

Aug 20 

60 

58 

1 

Aug 4 

41NE 

59 

1(3) 

June 14 

34N 

60 

1 

Aug 16 

53W 

62 

1 

June 15 

29W 

65 

2 

Aug 2, 17 

50E, 54W 

66 

1 

July 8 

36E 

68 

1(6) 

June 10 

27E 

70 

1 

Aug 13 

52W 

76 

2 

July 7, 28 

32SE, 45W 

76 

1 

Aug 8 

468 

77 

1 

Aug 23 

67N 

78 

1 1 

Aug 9 

52E 

79 

1 1(7) 

July 10 

42aE 

82 

1 

June 27 

33N 

83 

i 1 

June 14 

S3N 

86 

' 1 

Aug 22 

67NW 

87 

1(4) 

Sept 1 

67NW 
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TABLE II {Continued) 


Dppth ill 

Numl)er of 

Dates (betwtea April 19 

Stations 

mttors 

Hainplc H 

and Sept 12, 1932) 

91 

1 

June 6 

27W 

93 

1 

July 14 

38SL 

94 

1 

June 10 

27W 

96 

2 

June J7, 29 

31W, 32W 

97 

1 (6) 

June I*) 

28W 

100 

1 

July 27 

43Sl!> 

101 

2 

June 6, 16 ! 

30t, JOE 

102 

1 

Sept 7 

67S^ 

105 

1 

Sept 12 

63SW 

106 

2 

July 12, Aug 25 

J2NW, 65S 

107 

1(8) 

July 9 

37NW 

114 

2 

Aug 5, 6 

49E 51NW 

118 

5 

July 5, Aug 10, Sept 2, 3, 9 

JOSE 53E, 59NW 




b6NW, 59feF 

119 

_3(10)__ 

Junes, Aug 1, Sept 10 

C 48E 66NW 

123 

1 

June 27 

36NW 

124 

1 

Juno 9 

26F 

128 

1(3) 

June 30 

35W 

130 

1 

July 13 

3W 

132 

1 

July 9 

JOSE 

139 

2(4) 

June 3 

D, 3W 

144 


Aug n 

54E 

240 

1 

June 2 

n 

246 

1(2) 

June 2 

A 


SimuAitT — 92 samples, from 58 different depths, ranging from 24 to 246 
meters, taken between April 19 and September 12, 1982, at 79 different stations 


1932, Decksbacb, 1928, Eggleton, 1931, Juday, 1022, Lundbeok, 
1926, Miyadi, 1932, Rawson, 1930, Scott, Hde, and Spieth, 1928) 
However, even though the number of individuals must be regarded 
aa large, the population of the lake floor beneath the deeper waters of 
Lake Michigan appears never to approach the groat density m some 
of the small inland lakes (Juday, 1922, Eggleton, 1931, 1935) The 
maximum number of individuals of all species found in the samples 
thus far studied was between 11,000 and 12,000 per square meter 
From that part of the work which has been finished there appears 
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to be some evidence indicating the presence of a concentration sone 
Such a zone, if the completed results finally demonstrate its existence, 
will probably show a region of maximum abundance not far from 40 
meters Certamly the benthic population m 1931 was much more 
abundant between 40 and 60 meters than within any other lO-metcr 
stratum from which samples were taken Moreover, the depth at 
which the actual maximum abundance occurred m 1931 was 44 meters, 
and both above and below that isobath the density of the population 
decreased Furthermore, among the few 1932 samples from which 
the animals have been sorted there appears to be some evidence of 
a decrease in density of population at some of the shallower depths 

ANNOTATED LIST 

The list of animals found thus far is not an extensive one Present 
identifications, wluch must be regarded as tentative, show the follow- 
ing forms to be present 

PontoporeU, by far the most abundant organism, found in all but one sample, 

probably two species 

Tubificidae, the next most numerous animal, possibly 2 genera and 8 species 

Pisidium posubly 3 species, not abundant 

Nematoda, 2 genera, 1 species each, common 

Ostraooda, 1 species, very few specimens 

Sphaenum, 1 species, rare 

Chironomus larvae, in small numbers m a few samples 
Hirudinea, a few specimens 
Mysis, a very few spedmens 

In addition, such mcidental things as Polyzoa statoblasts, ephip- 
pia, and specimens of various surface and httoral species occurred 
in scattered samples Much evidence of reproductive activity on the 
part of the benthic ammals was encountered m the form of eggs, 
cocoons, and embryos 

One further, isolated fact seems worthy of mention in the present 
report, only one sample of more than one hundred thus far sorted 
was entirely devoid of animals That sample came from a depth of 
163 meters and was taken on August 12, 1931, at Station 35E, about 
14 miles off the Wisconsin shore and ^htly south of east from Ke- 
waunee It is doubtful, however, whether the entire lack of animals 
in this one sample has any particular significance, since on other oc- 
casions both earlier and later in the season, at other depths both above 
end below this one, and at other closely adjacent stations, benthic 
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animals were present The mterestmg and remarkable thing is not 
the absence of animals m this one sample, but their universal presence 
m all the others 

A further report on this study will be published at a later time, 
when all the material has been examined and identification of species 
has been properly made At that time the seasonal variations, depth 
distribution, ecological relations, and other phenomena pertammg to 
the limnology of this deep-water benthic fauna in one of the deepest 
of our Great I/akcs will be discussed 

Summary 

1 The present paper, which is the first report on a quantitative 
limnological study of the deep-water bentluc fauna of Lake Michigan, 
one of the five Great Lakes of North America, describee methods and 
equipment used, explains the temporal and geographical distnbution 
of the sampling, and discusses some of the general biological features 
of the fauna 

2 Samples were collected throughout the spring, summer, and 
autumn of 1031 and 1932 This part of the work was entirely quanti- 
tative and nearly all was done with a Petersen dredge A total of 
167 samples were taken during the two seasons The samples were 
drawn from depths rangmg between 40 and 244 meters in 1031, and 
between 24 and 246 meters m 1932 

3 This study of the bottom fauna of Lake Michigan, which is 
part of a larger and more general program under the direction of 
Dr John Van Oosten, aquatic biologist m charge of Great Lakes 
Fishenes Investigations of the Umted States Bureau of Fisheries, 
was undertaken partly for its own sake, partly with the hope that it 
might yield information relative to factors that possibly infiuence 
the movements of chubs and lake trout 

4, Although the work has not been completed, since only a few 
of the 1932 samples have been studied, it is evident that the benthic 
population is composed of relatively few species but many individ- 
uals The maximum abundance of individuals of ail species found 
in j^ie samples thus far studied was between 11,000 and 12,000 jper 
square meter This maximum population occurred between the 
depths of 40 and 60 meters dunng 1931 

6 A further report^ to be published alter all the material has been 
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fttudied, wUl include a discussion of seasonal variations, depth dis- 
tribution, ecological relations and other phenomena pertaining to the 
limnology of this deep-water benthic fauna 

UNivEttflitT or Michigan 
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THE RELATION OF THE KNOBBET3 ANAL 
KEELS TO AGE AND SEX IN THE LINED 
SNAKE TROPIDOCLONION LINE ATI! M 
(HALLOWELL) * 

EDITH R FORCE 

T he attention of the writer was called by Dr F N Blanchard ‘ 
to the occurrence of knobs on the keels of scales near the anal 
region m the hard snake Troptdoclomon Imeatum Studies by this 
author (1) show that these structures characterize the adult males of 
certain species of snakes of the genus Nolnx, and a later study by 
Marjono Brown Harrison (3) has shown this to be true m the garter 
snake Thamnophta mrtahs strtalia Since the present writer had on 
hand a large series of lined snakes, numbering 608, it was decided to 
check the occurrence of the knobbed keels m this species Most of 
the collection used was obtained during the months from March to 
June m the years from 1926 to 1932 It included, however, a con- 
siderable number of young bom in August and a few larger specimens 
taken at various times in other seasons 

The knobbed keels in Troptdoclomon appear to bo the same aa 
those already described in Thamnophtat except that they are corre- 
spondingly smaller, as is to be expected in the smaller species Satis- 
factory determination of the presence or the absence of the knobs 
requires the use of such magnification as is provided by a low- 
power bmocular microscope 

Examination of all the males available showed well-developed 
knobbed keels to be present in 130 Individuals over 185 mm in total 
length, and to be lacking In only 4 of this size In 4 others they were 
only faintly viable Of Individusds 185 mm or shorter 67 la<dced the 

* A contnbation from the Biologioal of the University of Miolngaa 

and Woodrow Wilson Junior Hlje^ ^hool, Tulsa, Oklahoma 

* The writer deeiros to express her appreciation to both Dr F N Blanchard 
and 3>r Frieda Oobb Blanchard for their courtesy in criticising the manuscript 
of this paper 
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Fig 81 DiagrMiM showing the relation between total lengths In females and 
males and the presence or the absence of knobbed anal keels* Specimens 
possessing these structures well developed are plotted above the ab^ssSf 
those laekmg them^ below Cases m which the knobs were only fainUy 
visible are represent^ by circles instead of dote Individuala inclu^ in the 
group from SI to 00 mm are dassed at S5 mm , those from 01 to 100 mm*^ 
at 95 mm , etc 
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knobs entirely, 18 possessed them well developed, and 27 more had 
them barely visible These results are given graphically in Figure 31 

The males have been divided on the basis of their possession of dis- 
tinctly defined knobbed anal keels mto two well-marked groups, one 
of larger mdividuals and the other of smaller ones In the group of 
larger individuals 97 per cent possessed well-defined knobbed anal 
keels The group of smaller individuals may be observed to have 
two subgroups (a) those from 85 to 126 mm , which wholly lack 
knobbed anal keels , (6) those from 126 to 185 mm , fifty per cent of 
which possess anal keels more or less conspicuously knobbed 

It is significant that the groups based upon the presence of 
knobbed anal keels are practically identical with the age groups ob- 
tamed in an earlier study of this species (2) In that study it was 
shown that there were no individuals more than 125 mm m length at 
birth, that those from 120 to 200 mm , which were probably m the 
second season of growth, were assuming characteristics of maturity, as 
determined by dissections, and that those of 240 mm and over were 
probably of reproductive slso and age By comparison of the groups 
mentioned above, the one based on the occurrence of knobbed anal 
keels and the other on age, it will be seen that the newly bom snakes 
are without knobs, that juveniles may or may not have them, and 
that practically all males have well-developed knobs at the tune that 
they reach sexual maturity It is evident, then, that these stmetures 
develop concurrently with the sex organs, and that they reach their 
full development by the tune sexual matunty is attained, or sooner 

The sise group m which the knobs develop m males, that from 125 
to 185 mm m length, is composed mainly of snakes in their second 
season of growth It has been concluded in an earlier study (2) that 
this species is sexually mature the second spnng after buth (which 
occurs in August or September) Although it is quite possible that 
this group may include a few snakes very small at birth, which have 
reached this length only after an additional season of growth, and 
others which, perhaps larger at birth, grew so slowly that they did not 
pass on with the group at the end of the finst season, yet it may be 
assumed that the majority of the individuals of this group are in their 
second ’ full season of growth Since some of the smallest members of 

* Tha first season Is interpreted as the time after birth in the autumn The 
seoond season refers to the period from the following spring to the next autumn 
indusive. 
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the group, collected presumably in their first sprmg, show faintly 
developed or even well-developed keels, whereas the newly born 
snakes never do, it may be assumed that the knobs develop m the 
first spring, when the snakes first begm to grow rapidly in length 
Although It does not always start in the sprmg, it is uniformly com- 
pleted by the close of this season The next spring these malts are 
sexually mature, and almost invariably have the knobs 

In the females the situation proved to be somewhat different from 
that expected on the basis of conditions found in other genera Of 
those Over 195 mm in length 77, or about half of the total number, 
showed distinct knobs on the dorsal keels of the anal region, 11 showed 
them famtly, and 84 lacked them entirely Of the females less than 
196 mm in length all (176) were without them (Fig 11) As with the 
males, the females are divided mto two well-marked groups by their 
possession of knobbed keels Ihese groups correspond to the age 
groups of the earlier paper In the females, however, the group of 
smaller individuals without a trace of knobs consists of the juveniles 
of the second season as well as the ntwiy born snakes The group of 
larger snakes, those which frequently have knobs, are adults It will 
be obfw rved that m both sexes there is a distmct connection between 
age, or degree of maturity, and knobbed anal keels, but, as has been 
said, m the males the knobs develop dunng the juvenile stage and are 
always present at the time that sexual maturity is attained, whereas m 
the females they are never found in the juveniles or young, and if they 
develop at all it is only when the individual is a well-matured adult 

It will be noticed (sec Fig 31 ) that the mode and the average length 
of the females bearing knobs arc decidedly above those of the females 
without them, further, that of those over 335 mm m length 26 
females have knobs, whereas only 4 lack them, and that if they grow 
to be more than 355 mm (15 specimens recorded) all females have 
knobs 

It IS evident that the knobs, which indicate the approach of ma- 
turity in the male, denote m the female an approach to old age If 
the structures are classed as secondary sex characters in this genus, 
as in other genera of snakes m which they have been studied, they are 
distinctly less stnctly so Of course, their occurrence la well-matured 
females does not preclude this interpretation, since there are instances 
of a secondary sex character of the male becoming an old-age character 
of occasional females 
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The young of Tropidochmon limatum are born in August or 
September 1 ht following spnng the malc«« may begin to (1< velop 
knobs on the dorsal keels m the anal region About om half of the 
juvenile mah s collected m their first spring have knobs, eitlnr family 
visible or well developed By the end of this season th< knobs art 
almost invariably fully developed The next spring the snakes are 
sexually mature 

In femaUs tin knobs arc sometimes present, but not m juveniles 
None but sexually mature individuals, and only about half of these, 
have knobs Monovir, it is the larger, and doubtl(8S older, adults 
which have them Of the 29 largest oms collected all but 4 have 
knobs, of those over 156 mm all (16) have knobs 

In males, devdopmg knobs mdicato the approach of sexual 
matunty, m females, if knobs occur, they denote, rather, old age 
If, as in other genera of snakes studied, this character is considered 
a secondary aex character of males, it is hss strictly so in Trojnd(h 
clonton than m other genera 

Woodrow Wilson Junior High Sohooi 

Tulsa, Oklahoma 
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SUMMARY OF INVESTIGATIONS ON THE 
MORPHOMETRY OP THE CISCO, LEU- 
CICHTHYS ARTEDI (LE SUEUR), IN 
THE LAKES OF THE NORTHEAST-^ 

ERN HIGHLANDS, WISCONSIN* 

BALPH HILE 
INTEODUCTION 

T he morphometric studies on the cisco or lake herring, Leuctchthys 
ariedt (Le Sueur), which will be summarized briefly m this paper 
are part of a program of investigation of tl^e fishes of the lakes m the 
northeastern highland district, Wisconsin, conducted cooperatively 
by the Wisconsin Geological and Natural History Survey and the 
United States Bureau of Fisheries For the morphometric studies 
1,548 specimens were employed, all of them collected in the summers 
of 1931 and 1932 from four *Hype” lakes, selected on the basis of 
their sise, depth, and physicochemical and biological characteristics 
Of this number 753 individuals were used to determine the general 
nature of the morphological vanaiions m the Trout Lake, Muskcl- 
lunge Lake, Silver Lake, and Clear Lake cisco populations, while 795, 
coUected from Muskellunge I.jake in 1932, were employed in a de- 
tailed examination of certam morpholc^cal differences between the 
1928 and 1929 year classes of that population Limitations of space 
necessitate the omission of many mterestlng facts brought out by 
the rather voluminous data An attempt will be made, however, to 
present in this paper all the more important conclusions, together 
with a small amount of illustrative material A complete preeenta- 
tton of the material will be published elsewhere 

Of the four populations studied, three (those from Muskellunge 
Lake, Silver Lake, and Clear Lake) were assigned by Koelz (1931) to 
the subspecies darenstB The cisco population of Trout Lake was 

* PubUidied by pertniaslon of the Commissioner of Firiiertes 
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included by the same author under the subspecies clemenst Clear 
Lake is the type locality for clarenats 

The purposes of the morphometric studies were the determination 
of (1) the range of variation of morphometnc characters within 
single CISCO populations, (2) the extent of morphological differences 
between populations of the same and of different subspecies, and 
(3) the extent of morphological differences between populations and 
between year classes of a single population, traceable to the direct 
modifymg effects of the environment Under (1) may be included 
the questions of sex differences and of the change of body proportions 
with growth The third purpose listed mcludes the important prob- 
lem of the relationship between growth rate and body form 
Extensive data on the growth histones of each of the four cisco 
populations art a\ailable from my studies on the growth of these 
fish (Hile, MS) Further, the individual growth history of each of 
the 763 individuals employed m the general morphometric survey 
was detormmed from the assei^ment of age and the calculation of 
past growth, based on scale examinations and measurements 

KANGK OF VAEIATION 

Table I shows the mean value for each cisco population for each 
of the morphometric characters included m the study In the same 
table may be found the total range m the value of morphomet- 
nc character for each of the subspecies, clemenat (Trbut Lake) and 
clarensis (Muskellunge, Silver, and Clear lakes) The data of the 
table show that the four populations exhibit largo differences with 
respect to most of the characters considered These differences are 
sufficiently great to mdicate that each population must be considered 
morphologicaliy distinct Likenesses between any two populations 
with respect to one character are offset by differences with respect 
to other characters It should be pointed out further that, on the 
whole, the Muskellunge Lake and the Silver Lake populations, as- 
signed by Koels (1931) to the subspecies darensia, resemble the 
Trout Lake population, assigned by the same author to the sub- 
species clmerm, more closely than they resemble the population 
from the clareima type locality, Clear Lake (PI LXII, Figs 1-2) 
A comparison of the morphological characters of the three claren- 
«« populations of this study (Table I) with Koela' (1931) key to 
the subspecies of arUdt shows that these three populations, assigned 
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TABLE I 

AvERAan VALtiB OF Morphombtric Charactrrs for Each op the Poor 
Cisco Populations, Total Ranob or Variation for Each Character 
IN THE Subspecies ctBusNsi (Trout Lake) and cLA«jyy<i/^ (Muskel- 
LUNOB Lake, Silver Lake^ and Clear Lake) 

Abbreviations L » standard lengUL H **• headlonKth, D » greatest body 
depth, W “ greatest body width, AT •• adipose to caudal distance, DCF 
« least depth of the caudal peduncle, DB, AN » dorsal and anal fin bases, 
AD » leni^h of adipose fin, PV — peotoral>vontral distance, h « antero- 
posterior eye diameter, AV anal-ventral distance, S •«> length of snout, 
M length of maxillary, P, V - length of pectoral and of ventral fans, DH 
« height of dorsal fin, it gill rakers on first arch, Sc » lateral line scales, 
BD « scale tows above lateral Une, RC scale rows about the peduncle. 
BR ■* branchlostegal rays, DR, AR, PR, VR » dorsal, anal, pectoral, ana 
ventral fin rays 


Character 

Mean for population 

Range for subspecies 

Trout 

Muskel- 

lunge 

Silver 

Clear 

cUmenat 

darerms 

L/H* 

38A 

419 

488 

4 49 

3 43- 4 21 

3 66- 6 21 

L/D 

4 27 

4 72 

4 39 

306 

3 62- 4 90 

2 84- 6 69 

L/W* 

9 17 

8 97 

8 62 

6 65 

6 82-12 71 1 

4 43-U 79 

L/AT 

832 

8 02 

7 67 

840 

6 60-12 46 

6 66-10 66 

L/DCP 

12 67 i 

14 16 

13 49 

1164 

10 62-1017 

8 88-15 91 

L/DB 

9 77 1 

9 87 

963 

8 29 

710-U 73 

6 93-12 57 

L/AN 

924 > 

1000 

943 

980 

0 86-10 86 

7 86-12 43 

L/AD 

14 43 

13 92 

13 61 

14 29 

n 17-18 26 

10 66-20 62 

L/PV 

363 1 

368 

340 

323 

3 08- 413 

2 82- 4 13 

I/E* 

14 76 1 

16 43 

18 39 

21 19 

10 31-18 00 

12 64-27 27 

PV/AV 

113 ' 

1 14 

1 19 

1 14 

092- 185 

094- 1 40 

H/S 

416 

438 

416 

448 

360- 500 

3 42- 6 67 

H/E 

383 

868 

417 

4 73 

3 18- 4 80 

2 92- 6 91 

H/M* 

204 

316 

311 

3 42 

2 44- 3 25 

2 73- 3 94 

D/E 

PV/P* 

346 

330 

419 

686 

2 62- 4 70 

268 846 

male 

166 

182 

182 i 

2 06 

142 189 

1 66- 2 39 

female 

AV/V* 

171 

187 

196 

2 16 

1 37- 2 00 

1 63- 2 57 

male 

149 

1 66 

169 

187 

123 192 

1 38- 2 19 

female 

161 1 

170 

167 

195 

1 26- 1 77 

137- 2 31 

DH/DB ♦ 

176 1 

164 

164 

181 

1 37- 2 16 

102- 187 

R 

460 

464 

461 

48 4 

39 0- 62 0 

39 0- 63 0 

So 

72 6 

79 6 

78 6 

77 9 

60 0 880 

68 0- 86 0 

RD 

72 

76 

76 

85 

60- 80 

1 76- 96 

RC 

208 

22.0 

216 

24 3 

190- 230 

210- 280 

BR 

84 

81 

8.6 

88 

70- 100 

70- 100 

m 

12 0 

121 

130 

118 

no- 130 

10 0- 

AR 

121 

13 0 

13 2 

124 

no- 130 

8 0- IftO 

PR 

150 

16 6 

166 

151 

130- 170 

120- 17*0 

VR 

12 0 

119 

12 2 

12 0 

no- 140 

no- HO 

Number of 
speolmena 

277 



166 

277 

476 


Charaeten correlated with growth rate (see p 624) 
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by that author to the same mibepecies, exhibit structural differences 
tl^t are greater than those upon which the separations of many of 
his subspecies have been based 

The range of variation is very largo for most of the characters 
The great range in the claretms group depends m part on the 
combination of three dissimilar populations, but the data for the 
subspecies clemnat, based on the Trout Lake population alone, 
show how widely certain characters may vary withm a smgle stock 
This High degree of variability makes the use of large numbers of 
specimens necessary to obtam reliable average values for most mor- 
phometric characters It is of mtorest to note that much of tho 
systematic work that has been done on L artedt was not based on 
large numbers of specimens Of the seventeen new subspecies of 
ariedt described by Koela (1931) eleven were based on twenty fish 
or fewer, and six of these eleven on from five to ten specunens 
When It IS oonsidaed that in the light of mtensive study the sub- 
species cUirerma and cfemenst, whose descriptions wore based on 46 
and 84 specunens respectively, fail to stand apart as clearly dis- 
tinct groups, much skepticism is aroused concerning the validity of 
numerous other currently recogmsed subspecies of ariedt 

Further doubt is thrown on the validity of the data employed 
in the current systematics of L aried/t by the fact that certain body 
ratios used as diagnostic characters show distinct tendencies to 
change with mcrease in age and sUe In each of the four cisco popu- 
lations the relative lengths of the paired fins were found to increase 
slightly with growth Other characters that changed with growth 
were relative greatest body width, relative greatest body depth, 
relative depth of the caudal peduncle, and the anteroposterior eye 
diameter in greatest body depth However, none of these last- 
named characters showed the same direction o4 change for all popu- 
lations For example, it may be seen (Table 11} that rdative body 
depth decreases with growth in the Muskellunge Lake cisco, changes 
only slightly in the Trout lAke and the Silver Lake ciscoes, and in- 
creases with growth in the Clear Lake cisco It is obvious that body 
ratios that show marked change with growth are of hnuted system- 
atic value, particularly if the change proceeds in different directions 
in different populations 

The chief weakness in the use, for systematic studies, of charac- 
ters that change in value with growth lies in the difficulty of making 
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definite compansons between any two populations Average values 
for single populations have little significance! since they must not 
only be affected by the selective action of the gear employed m tak- 
ing the sample! ®d 80 be expected to vary from year to year 

according to the size and age composition of the population These 
difficulties cannot be circumvented by limiting comparisons to fish 
of the same length Yet, it is well known that ratios that have 
been shown by this study to change in vedue with growth have 
been used as important characters m the current systematics of 
L artedt 


TABLE II 

Changs or Rblativs Body Dvpth, L/P, with Inch bask m Agb m thb 
Four Cisco PoroLATionB 

The figures in parentheses show the number of specimens 


Lake 

Age group 

0 

I 

II 

m 

IV 

V 

VI 

vu 

VIII 

IX 

X 

Trout 

498 


426 

424 

430 

428 

4 25 

4 08 

4 10 

4 17 



(17) 


(11) 

(44) 

(180) 

(66) 

(10) 

(4) 

(8) 

(2) 


Muskellunge 



4 43 

482 











(ft) 

(81) 








Silver 


464 

453 

438 

435 

4 37 

4 37 

4 60 






(14) 

(7) 

(88) 

(67) 

(70) 

(18) 

(1) 




Clear 


438 

3 79 

3 62 

352 

360 

3 31 

3 44 

3 52 



(male) 


(10) 

(15) 

m) 

(6) 

(9) 

(5) 

(12) 

(1) 



Clear 


4 25 

874 

358 

8 68 

8 67 

322 

330 

3 31 

335 

8 05 

(female) 



(10) 

(U) 

(20) 

(8) 

(4) 

(5) 

(10) 

(7) 

(2) 

(1) 


Sexual dimorphism with respect to the paired fins was found m 
aU populations These sex differences with respect to the relative 
length of the fins are more pronounced in the pectoral fins than m 
the ventral fins! and in the older age groups than m the youngestf 
where the two sexes have fins of approximately the same length 
The current systematica of artedt has omde use of the relative length 
of the paired fins, but has done ao without reference to sex diffeN 
eneea If the sex ratio could be considered constant at all ages and 
In lUl populations, the errora resulting from disregard for sex dif* 
fetrenoee in fin length would not be important However, I showed 
In my study of the growth of the otaoo that the aex ratio not only 





624 


Ralph Htle 

vanes widely from one population to another but also is subject 
to marked change withm a single stock with mcrease m the age of 
the specimens Consequently two samples from the same or from 
different populations may sho\v dissimilarities that depend only on 
differences m the proportions of the sexes m the samples 

Other sex diffi rences found m the cisco were limited to the Clear 
Lake population, m which the females possess wider and deeper 
bodies and slightly smaller eyts and heads than the males 

OnOWTH HATE AND BODY FORM 

When the four cisco populations of this investigation are ar- 
ranged according to the average value of certam body ratios (marked 
with asterisks m Table I) they fall in the same order that they show 
with respect to their rates of growth The correspondence w such 
that more rapid growth is associaUd with relatively shorter heads, 
maxillanes, paired fins, and dorsal fins, wider bodies, and smaller 
eyes (anteroposterior diameter m body length) The nature of this 
apparent correlation between growth rate and body form may be 
made clearer by exammation of data on the growth rates of the 
four populations 

Tables III and IV prtsent the data on the growth in length and 
weight respectively It may be scrcn thaf the Clear Lake cisco has 
the best growth and the Trout Lake cisco the poorest with respect 
to both length and weight The growth rates of the Muskellunge 
Lake cisco and the Silver Lake cisco are intermediate to these two 
extremes Since the Muskellunge I^ake cisqq grows more rapidly 
in length than the Silver Lake cisco, though ^3ie latter has the better 
growth m weight, it is difficult to decide which of the two stocks 
does grow the more rapidly For the purposes of this study, how- 
ever, it may be considered that, if the Clear Lake Cisco has the high- 
est average value for a body ratio and the Trout Lake cisco the 
lowest (or the reverse), while the Silver Lake and the Muskellunge 
Lake populations show intermediate and sunilar values, then there 
is correlation between growth rate and that particular character 
The observed correspondence between growth rate and certain 
body ratios suggests the possibihty that the mdicated differences in 
body form may be, in part at least, the direct result of differences 
m growth rate If such a direct relationship between growth rate 
and body form does exist, it may bo expected that an analytic study 
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TABLE III 

Avbraqb Caltijlatbd Standard Lenoth in Millimeters at the End of 
Each \ear of Life in the Trout 1 are, Siiver I are, Musrellunoe 
Larb, and Clear I are Circo Pofulations 

Only the Clear I^ke oisco shows difference m the j^row th (m length) of the sexes 







Year of life 





Total 

Take 













number of 
8|)i elmenM 


1 

2 

3 

4 

3 

6 

7 

8 

9 

* 10 

11 

12 

Trout 

81 

117 

117 

148 

1158 

168 

179 

189 

197 

211 

219 

225 

1182 

Silver 

80 

129 

135 

169 

181 

189 

190 






564 

Muskellunge 


143 

161 

174 









1097 

Clear 

no 

196 

233 ! 

287 

308 

323 

336 

345 

364 




216 

(male) 

Hear 

109 

199 

260 

291 

312 

326 

340 

361 

361 

360 

376 


224 

(female) 















TABLE IV 

Weight in Grams of the Different Agb Groups or the Trout I are, Sii vbr 
Lake, Muskbliunge Imke, and Clear Jake Cisco Poiulations 

Kxcept for a t*>ntiency for the Silver I^ako males to be very slightly heavit r than 
females of corresponding age, the Clear Lake cisco is the only population 
to show sex diffcroncis as to growth m weight 



of a single population may reveal a correlation between mdividual 
growth rate and individual body form Such analyses were con- 
ducted with respect to each ratio that showed an apparent correla- 
tion with growth rate The details of these analyses cannot he 
presented in the space available here However, the material of 
Table V will serve to illustrate the arrangement of data upon which 
the analyses were based 
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TABLE V 

Vabiation Of THB Ratzo, L/H, in th* Clbar Lak» Ciboo, 193 

ACCOBDINO TO LbNOTB AND AqB 


The figuroe in }>arenthesee thow the number of Bpeoimeiu 
The sexea are combined 


l^ength 
interval in 
millimetera 

Age group 

Average 

I 

n 

III 

IV 

V 

VI 

VII 

VIII 

IX 

140-69 

453 

(1) 









453 

(1) 

160*79 

454 

(11) 









464 

(11) 

180-09 

446 

(3) 









446 

(8) 

200-19 


444 

(1) 








444 

(1) 

220-39 


448 

(1) 








448 

(1) 

240-69 


465 

(6) 

4 13 
(1) 







456 

(6) 

260-79 


4 70 
(6) 

430 

(3) 







4 61 

(7) 

280*99 



4 57 

(8) 


396 

(1) 





460 

(9) 

800-19 



4 76 

(14) 

445 

(3) 

4 67 
(2) 

426 

(2) 

436 

(1) 



463 

(31) 

320-89 




468 

(6) 

4 59 
(6) 



m 

(1) 


450 

(18) 

340-59 





4 49 

(2) 


440 

(8) 

420 

(4) 

4 47 

(1) 

442 

(12) 

860-79 







450 

(1) 

484 

(1) 

448 

(1) 

444 

(8) 

380-99 










467 

(1) 

Average 

4 52 
(18) 

464 

(13) 

464 

(25) 

454 

(9) 


(3) 

444 

(14) 

429 

(8) 

448 

(2) 
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This table shows the values of the ratio, head in length, for the 
Clear Lake cisco arranged according to length and age, that is, ac- 
cording to rate of growth If the variations of L/H are examined, 
it may be seen, first, that m general the ratio increases with increase 
m length in fish of a single age group, and, secondly, that L/H de- 
creases with mcrease in age in fish of a single length interval In 
other words, the more rapidly growing fish within the population 
have the relatively smaller heads, regardless of whether the com- 
parisons are based on fish of different lengths m the same ago group 
or on fish of different ages in the same length group It is true that 
the data exhibit certam exceptions to the general trend, but these 
exceptions can be explained as the result of the small numlier of speci- 
mens m certain groups, and can be demonstrated statistically to be 
of no significance A similar relationship between relative head site 
and growth rate was found to exist in each of the other tliree cisco 
populations 

The studies on the relationship between growth rate and body 
form showed further that the more rapidly growing fish withm single 
populations tend to possess the relatively smaller eyes and the rel- 
atively shorter maxiilanes, paired fins, and dorsal fins However, 
in spite of the apparent relationship between growth rate and rel- 
ative body width, indicated by the averages for the entire samples 
of the four populations, the analysis of smgle populations failed to 
reveal any dependence of individual relative body width on mdivid- 
ual growth rate 

Smoe It has been previously demonstrated by me (Hile, MS) 
that the growth rates of these same cisco stocks exhibit close corre- 
lation with environmental conditions, it may be concluded that en- 
vironmental factors, operating through their control of growth rates, 
may produce extensive morphological differences between different 
populations of the oisoo It is probable that differences m growth 
rate do not account for all the differences between cisco populations 
of this study with respect to characters that show dependence on 
rapidity of growth It must be recognised, nevertheless, that the 
dependence of these characters on growth rate is sufficiently marked 
to render them of little systematic value The practice, common 
amcmg systematic Icbthyolofl^ts, of limiting comparisons to fi^ of 
approximately the same length offers no guarantee that the materials 
are really comparable, for fish of exactly the same sise may have 
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widely different growth rates, and hence show pronounced but non- 
gcnetic differences in the characters that exhibit correlation with 
growth rate 

Five of the characters showing dependence on growth rate (rel- 
ative lengths of the head, maxillary, and the paired fins, and rela- 
tive size of the eye) have been employed as diagnostic characters 
of primary importance m the systematica of the species artedt (Koelz, 
1931) Consequently, it must be considered probable that not a few 
of the artedt subspecies have been based on differences resulting from 
nongenetic differences in growth rate 

MORPHOLOaiCAL DIFFERENCES BETWEEN YEAR CLASSES 

In view of the apparently great sensitivity of the cisco's mor- 
phological characters to conditions of the environment, it might be 
expected that different year classes of the same population may ex- 
hibit, exceptionally at least, fundamental structural differences that 
depend on the vanation from one year to another in the environ- 
mental conditions at the time of hatching and early development 
Ordmarily the nature of the environment furnished by a lake does 
not vary greatly from year to year However, exceptional years oc- 
cur occasionally 

The data of this Investigation offer one excellent example of two 
year classes of the same population which, though separated by only 
one year's difference m age, exhibit structural differences of such a 
fundamental nature that the individuals can be assigned readily by 
sight to the one group or the other These two groups are the 1928 
and 1929 year classes of the Muskellunge Lake cisco The most 
striking difference between the two groups lies in the relatively much 
larger eye of the 1928 year class (see PI LXll, Fig 3) In fresh 
specimens it was apparent further that the 1928 year class had a 
much heavier pigmentation of the dorsal region Other differences 
are listed in Table VI which shows the average values, based on the 
1931 collections, for each body ratio lor which the two year classes 
exhibited statistically sigpiificant differences 

The differences indicated by the data of Table VI cannot all be 
considered to represent basic and permanent structural differences 
between the 1928 and 1929 year classes The normal change of body 
proportions with growth makes it necessary to eliminate the four 
ratios (L/D, L/DCP, L/W, and D/E) involving measurements of 
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body depth and width, since the differences between the two groups 
with respect to these characters may bo considered to depend m 
large measure on their differences m average length at the time of 
capture The normal change of body proportions with growth does 
not, however, account for the differences between the two groups 
with respect to any of the remaining characters (L^H, L/E, H/E, 
H/I) It was determined further, from studies of the growth of 
the specimens used, that differences m the growth rates of the m- 
dividuals m the samples do not account for any of the morpholog- 
ical differences between the 1928 and 1929 year classes 

TABLE VI 

CoMPAEiflON or TOE Sampleb OF THE 1928 AND 1929 Yeah Classes (in the 
1931 Coliection) or the MesKRUtTNaE Take Cisco with Rbspept to 
THE Body Hatiob fob Which They Showed Statistically Significant 
Differenceb 


I mUrorbiial width, othur abbroTlations as in Table I 


Year 

claM 

Age 

group 

Number 
of epoci 




Body ratio 




Average 
length 
in milh- 
motors 

mens 

L/H 

L/D 

L/W 

L/DCP 

L/E 

H/E 

D/L 

H/I 

1929 

11 

20 

4 25 

4 43 

8 46 

13 82 

16 78 

395 

3 80 

4 10 

U7 

1928 

ItF 

81 

4 17 

4 82 

0 20 

14 27 

14 05 

3 58 

3 12 

304 

165 


Further material, collected m 1932, threw some doubt on the 
signi6can(e of the difference between the two year classes with re- 
spect to tlu relative mterorbital width, but otherwise substantiated 
the findings based on the 1931 collection It was concluded, there- 
fore, that the 1928 and 1929 year classes of the Muskellunge I^ake 
cisco show basic and permauient morphological differences with re- 
spect to eyt size, head length, and heaviness of pigmentation 

The comparison of the morphometric data for the 1928 and 1929 
year classes of the Muskellunge Lake cisco with corresponding data 
for the 1930 and 1931 year class individuals occurring in the 1932 
collection from that lake indicated that tlu differences between the 
1928 and 1929 year classes with respect to head length and eye sue 
represent a deviation of the former group from the condition normal 
for the population 
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A single example was observed of a probably significant difference 
between two year classes with respect to a numencal character The 
average number of gill rakers in the 1926 year class of the Silver 
Lake cisco (70 specimens) was 44 53, with a probable error of ± 0 16, 
while that of the 1928 year class (38 specimens) from the same lake 
was 46 84 ± 0 22 There is a strong possibility that the difference 
of 1 31 gill rakers is sigmficant 

The most logical explanation of the observed morphometnc dif- 
ferences between year classes of the same population is that they 
had their origin m differences from one year to another m environ- 
mental conditions durmg the time of early development If the en- 
vironment within a smgle lake can vary sufficiently from year to 
year to produce such marked differences as those observed between 
the 1928 and 1929 year classes of the Muskellunge Lake Cisco, it 
is by no means surprising to find tremendous morphological dif- 
ferences between cisco populations of neighboring but dissimilar 
lakes. There is suggested also a strong possibihty that many of the 
morphological differences upon which the current systematics of 
L arUdt has been based represent nothing more tb^ the direct 
modif 3 ring effects of different types of environments 

CONCLUSIONS CONCERNING THE STSTEMATICS OF 
igvctcuTHra abtmdj (lb subuh) 

On the basis of the data of the present mtensive morphometric 
study of four populations of L atiedt it may be concluded that the 
current elaborate systematization of the spiecies set forth by Koelz 
(1931) IS m large measure invahd The most important reasons for 
this oonclusicm are as follows 

(1) The differences upon which the separations of many sub- 
species have been based are too slight and indefinite in comparison 
with the wide range of natural variation of the characters used 
This is particularly true with respect to those subspecies that were 
described from the exammation of very small numbers of specimens 

(2) The values of certain characters that have been used in the sep- 
aration of the subspecies show a distinct dependence on growth rate 

(3) Natural changes of body proportion with increase in length 
and age produce greater differences ^tween fish of different lengths 
in the same population than those that have been employed in the 
separation of some subspecka 
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(4) Permanent morphological differences between different year 
classes of the same population may be more extensive than the re- 
corded differences between subspecies 

(5) Separations of subspecies on the basis of the relative lengths 
of the pectoral and ventral fins have been made without regard for 
sex differences in these characters 

The contention that the current systematica of L artedi is largely 
without validity is not intended to imply that no genetic differences 
exist among the vanous cisco forms occurrmg in the glacial region 
of North America The long isolation of many of them in their 
own peculiar and special environments must have been most condu- 
cive to the origin and preservation of genetic differences among the 
several stocks The detection of these genetic differences and the 
determination of their extent and significance, however, provide a 
problem of exceptional difficulty Obviously, the assumption com- 
monly made by systematists, that structural differences may be 
taken as proof of genetic differences, does not apply within the 
species artedt The expenenoo of continued analytic investigations 
may show whether the problem can be brought to any satisfactory 
solution The experimental transplantation of cisco stocks to new 
and different environments promises to be more critically valuable 
However, pending the accumulation of adequate data for the sep- 
aration of artedt forms according to their true and natural rela- 
tionships, it would appear that the designation of a local form can 
be made best through a description of its salient characters and a 
recordmg of the locahty it inhabits 

VABIATION IN COBBGONIDS 

The difficulties that beset the systematic study of Leucichihys 
artedt appear to be common to the family Coregontdae, for smee 
the time of the earhest researches on the subject the systematica 
of coregonids has offered the most difficult and confusing problems 
to its mvestigators More than seventy years ago the fundamental 
problems of coregonid systematica were set forth clearly by Von 
Siebold (1863), who pointed out the confusing effects of the direct 
modifymg action of the local environments and of the change of 
body proportions with age Unfortunately, it cannot be stated that 
the many subsequent researches and voluminous publications have 
provided any sound basis for ciroumventmg these difficulties For 
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the most part the mvestigators of coregonid systematics have ex- 
hibited remarkable diligence in the profuse naming of species, sub- 
sj>eties, and varieties, but have demonstrated little enthusiasm for 
the laborious and time-ronsummg work of determining the actual 
degrei of soundness of their classifications Discussions of the ex- 
tremt variability of corcgonids have been presented repeatedly, but 
contributions toM ard the < lucidation of the causes of this variability 
have, m gtmral, been lacking Alorphologieal differences have been 
assumed to ht infallible indexes of genetic differences, and forms 
have been named indiscriminately on the most tenuous grounds 
The confusion created by the general penchant for “splitting” within 
a highly variable and plastic group has hi en augmented by an almost 
umversal propensity to revise current systcmatics As a result, the 
recognized coregonid forms are today numbered by the hundreds, 
and the sjrnonymy of many of them ls nothing short of ap- 
palling 

However, distinct progress toward an understanding of the tnie 
significance of coregonid variations has been made within the last 
quarter century Thienemann’s publication (1912) of his studies of 
the coregonid introduced into the Laacher Se< gave a first indica- 
tion of the apparently great plasticity of the group with respect to 
the gill rakers, a character ordinarily considered very reliable for 
diagnostic purposes Further evidence for a lugh degree of sensi- 
tivity of gill raker number and length to environmental conditions 
was offered by feurbeck’s study (1921) of the changes that took 
place m C Schtnztt helvettcua after its introduction into the Vlerwald- 
st&ttersee from the Scmpacher S<*e, by Otterstr0m*s comparison 
(1922) of brackish water and fresh-watt r forms of C lavaretua, 
and by Kreitmann's ol>strvations (1929) on the changes occurring 
in the lavaret (C Wartmanm lavaretm) on its introduction mto Le 
Leman from Le Bourget 

Monti’s extensive studies (1929, 1930, 1933) of numerous Italian 
coregonid stocks, all of which originated from introductions from 
transalpine waters, demonstrated conclusively that, under the in- 
fluence of a changed environment, coregomds may undergo extensive 
morphological modifications However, these modifications are not 
permanent, for transplantations of the introduced forms from one 
Italian lake to another showed that the morphological characteris- 
tics of a single population are dependent only on the nature of the 
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local environment, and may be modifiid readily by a further change 
of environment 

The rapidly accumulating evuUnre to the ifTect that corogonids 
exhibit extensive structural modifications that re present the dmet 
modifying effects of the environment rather than genetic dissimilar- 
ities bids fair U) invalidate much of the (urruit systematies of the 
group It is quite probable that furthir analytic stiulies and trans- 
piantAtion experiments may show that many of the sptcus and sub- 
species of ooregonids recognized m Kuroj>e and Amenea today were 
described on the basis of differences that art purely environmental 
in origin Su(h artificially ertat.<d groupings must inevitably fail 
to fulfill the primary function of taxonomy, that of setting forth 
phylogenetic relationships within the group The “weeding out” of 
invalid species and subspecies is the most important preiblem con- 
fronting stude nts of coregomd systc maties today 

The simplification of the systematics of coregomds will bnng 
about also a simplification of the probU'ms pertammg to the evolu- 
tion of the gniup The previously made assumption that each of 
the many coregomd forms constitutes a genetically and taxonomi- 
cally distinct entity has unquestionably placed unnecessarily heavy 
burdens on the speculative capacities of students of evolution It 
IS difficult to conceive how so many closely related forms could 
have existed as separate and distinct groups in the glacial waters 
of the geologically recent time of the last ice sheet On the other 
hand, it is just as difficult to conceive of evolutionary development 
sufficiently rapid to atcoiuit for the origin of the numerous present- 
day coregomd forms from the few basic types that might reason- 
ably be expected to have existed in the glacial period Ihe most 
logical solution of the problem lies in the assumption that the core 
gomd fauna of the glacial period was represented by only a few taxo- 
nomically distinct groups, and that the number of these taxonomic 
groups has not increased greatly smee that time The numerous 
coregomd types to be observed today do not represent so many 
taxonomically distmet groups, but owe their existence in large meas- 
ure to the fact that coregomds are subject to extensive morpho- 
logical modifications which are produced by the direct action of the 
environment 

UNITOD StATBB BtrUKAYT OF FWKXIUEa 

Anx Abbor, MtemoAN 
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SING MUSCULIUM PARTUMEIUM SAY 
UNDER LABORATORY CONDITIONS 

WENDELL H KRULL 

S tudents of trematode life histories are frequently confronted 
with the difficulty of securing parasite-free mollusks for infection 
experiments, since some mollusks are difficult to raise under labora- 
tory conditions During the last several years the writer has developed 
satisfactory methods of raismg several species of mollusks, in this 
paper are given the steps necessary in raising Musculium parlumeium, 
together with a few notes concerning its life history The clams in 
this genus are of importance in parasitology, since it is known that 
some of the species are intermediate hosts of a number of trematodea, 
especially those m the genera Crtptdo^omum and Gorgodera 

Culture dishes (moist chambers) havmg a capacity of 2,000 to 
3,500 0 c make the most satisfactory aquaria in which to raise these 
clams Such an aquanum is filled with water to withm one mch of the 
top It is then supplied with twenty to forty thoroughly dned and 
well-cured oak leaves which, when they have become moist, should bo 
submerged, except a few leaves near the top m aquana, where the 
maxunum number of leaves is used After it has been covered with a 
piece of glass, the aquarium is set aside for one month m a place where 
it will not be subjected to sunhght After this lapse of time it is ready 
to be stocked with either 3 roung or mature clams This method, which 
is the result of much experimentation, has not failed to give some 
degree of success m any of the numerous times it has been tried 
The following table, representing some of the cultures, shows 
what may be expected m the way of growth and reproduction of the 
clams under laboratory conditions 

The stock of clams used in the experiments was collected from 
ponds In the vicinity of Beltsville, Maryland The clams are numer- 
<3m m localised areas of these ponds, which are old iron-mine holes 
that data from the Civil War period One pond m which the mollusks 
occur has a pH ranging from 5 9 to 7 8, with a yearly average pH of 
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TABLE I 


Nuubsr or CtAiut Rscovbrru rROu Bomb Expbriubntal Ago aria 


Aqua^ 

rium 

Amount 
of water, 
moo 

Kumber 
of oak 
leaves 

Number 
of clams 
used m 
stocking 

Number 
of days 
between 
time of 
stocking 
and ex- 
amination 

Clams found on examination 

A 

2,000 

20 

6* 

80 

11 mature, 8 half grown, 37 
leas than lialf grown, and 15 
which showed no growth 

B 

3,000 

30 

5* 

SO 

18 mature, 9 half grown, 47 
less than half grown, and 30 
which showed no growth 

C 

3,000 

26 

6* 

80 

11 mature, 8 less than half 
grown, and 11 w hich 
showed no growth 

D 

2,500 

36 

6* 

80 

24 mature, 17 half grown, 10 
loss than half grown, and 7 
which showed no growth 

£ 

2,000 

20 

13 t 

60 

5 mgture, 1 half grown, 4 less 
than half grown, and 7 
which sbow^ no growth 

F 

2,000 

20 

! 

13 t 

97 

5 mature, 1 half grown, 20 
less than half grown, and 8 
which showed no growth 

O 

8,000 

25 

2$ 

108 

9 mature, 2 half grown, 12 
loss than half grown, and 28 
which showed no growth 


* Two cUma were Rdulte^ the remaining onee were immature 
t Young clams which had just been discharged from the marsupia 
X Mature clams 

6 6, aad the other pond has a pH that ranges from 5 7 to 7 I, with a 
yearly average of 6 5 

Variations of the method here described for raising Muscultum 
pariuvmum have been tned, they are summarised bnehy as follows 
Glass mbdng bowls and battery jars can be used as aquaria, although 
excessive putrefaction often d^troys the culture m the latter The 
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glass cover of the aquarium should he propped up to leave a small air 
space, howevtr, this w not absolutely necessary unless the covtr 
becomes moist and imprisons a film of water between it and the side 
of the contamer 

Water from various sources, such as ponds, streams, taps, or ram, 
rangmg in pH from 6 4 to 7 4, has been used m the aquaria, and even 
though no absolute failures were recorded whuh could be attributed 
to the water, pond water with an alkaline reaction was found to give 
the best results When such water is used in a culture of clams, thf 
pH decreases, and a good culture at its hiight, after the elapsed time 
of approximately three months, has a pH from somewhat btlow 
5 2 to 5 9 

Assorted leaves from at least four spec les of oaks have been used m 
cultures, consequently, it is assumed that those available m any 
locality are likely to be satisfactory 

The duration of survival of a culture varies considerably and 
seems to be determined largely by the amount of food available for 
the clams Some cultures have been retained for as long as eight 
montlis, at the end of this time they contained a few immature and 
adult clams In the writer’s experience the ongmal supply of leaves, 
either in whole or m part, cannot be removed from a culture and re- 
placed with new leaves without killmg all the mollusks Individual 
clams or successions of cultures may be retained, however, by trans- 
ferring the clams to other aquaria prepared m accordance with the 
directions alrea<iy given 

Observations on the rate of growth and the time necessary for the 
clams to reach matunty were made on a total of 104 clams ihstnbuted 
in 7 aquaria The results of these observations prov e that clams ma- 
ture and l>egin to discliarge young in 55 to 71 days, at which time 
their shells are 4 5 to 5 0 mm long After maturity has been reached 
the clams contmue to grow and some of them attain a length of 
9 0 mm 

ZooLOQicJAL Division, Bubbau of Anxuai« 1ni>ohtrt 
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DISTRIBUTIONAL VARIATION OF THE GAN- 
GLIONIC TRACHEAE IN THE LARVAE OF 
ODONTOMYIA CINCTA (DIFfERA) ♦ 

KIMBER CLEAVER KUSTER 
INTRODUCTION 

ACCORDING to the modem system of classification, OdoTitomyia 
ctncta belongs to the first family (Stratiomyiidae) of orthor- 
rhaphous Diptera The adult files are considered well up m the evolu- 
tionary scale with regard to spec, mhzed mouth parts, wing venation, 
and life history There ls great vanation in the habits of the larvae 
in different genera of this family Some li\ e m the soil and have one 
pair of spiracles for each of seven abdominal segments, whereas others 
frequent open water of shallow pools and have one pair of functional 
spiracles m the entire abdomen Here is a group of insects which 
has made marked advancement m the adult stage, but whose larvae 
range from pure terrestrial forms to the much-adapted aquatic type 
Kuster (1934) gave expenmen tal data on the ability of 0 cincta 
larvae to reraam submerged and to exchange respiratory gases in the 
tracheal system with dissolved gases in the surrounding water Al- 
though these larvae may live several months in moist d6bns, they 
thnve best when they have access to water In this paper the author 
wishes to call attention to the loss of certain ganglionic tracheae as 
evidence of possible evolutionary changes now actively m process 
The ganglionic mass in O atida larvae is concentrated in the 
mesothorax and the metathorax From each of the thoracic segments 
a pair of tracheae lead from the lateral trunks to the three ganglia 
immediately behmd the suboesophageal ganghon The tracheae of 
each pair are connected by a short anastomosis The number of 
ganghonio tracheae from the abdominal segments vanes greatly 
Leusmger, Wiesmann^ and Lehmann (1925) state that pnimtive 
fly larvae there Is thus the typical number — 10 pairs of stigmata 
and that ** Ganglionic branches to the concentrated ganglion pass 

* Contribution from the Department of Zoology, University of Michigan 
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out of all 10 stiKmata-beanng sogmentH ” Wahl (1900) Rketches 
ten pairs of ganglionic tracheae in the larvae of Ensiaha temax L , 
seven of which are from the abdominal segments The discovery of 
a wid( vanation m the number of ganglionic tracheae from the 
abodmmal segments of 0 etneta larvae has stimulated the author 
to make a morphological and statistical study of the distribution 
of tliese tracheae 
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COLLECTION ANB TECHNIC 

Larvae were collected in the moist debris of a dried-up woodland 
pool durmg late October and early November, 1933 Material from 
the natural habitat, with the addition of water, m an improvised 
terranum proved to be a satisfactory place m which to keep the 
larvae throughout the winter and spring months 

Preparation of larvae for dissection involved (o) washing and 
scraping debris from the segmental folds, (6) submerging the speci- 
mens in 5 per cent hydrochlonc acid to remove calcareous deposits 
on and in the int-egument, and (c) allowing them freedom to become 
thoroughly active m fresh water Active swimming is associated 
with inflation of the tracheae After larvae were anesthetised by 
chlorotonc solution, which was injected into the thoracic region, they 
were stretched and pinned, dorsal side down, in a half-filled dish of 
paraffin and immediately covered with pure glycerine Each seg- 
ment was punctured to admit glyoennc, which infiltrated through 
the tissue In 18 to 48 hours the tissue became slightly firm, and the 
tracheae appeared silvery white With the aid of a binocular micro- 
scope, fine-pointed curved forceps, and a small knife the entire 
ventral body wall was removed without disturbmg the tracheae be- 
neath Imperfectly dissected larvae were discarded 
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The ganglionic tracheae were traced from the points of origin on 
the lateral trunks to their termination m the ganglia Ihis was done 
for each abdominal segment on both the right and left sides It was 
discovered that tracheae arising from the right lateral trunk never 
lead to left ganglia and vice versa Neither did a trachea from a 
giv en abdominal Begins nt lead to any but the corrcsixinding ganglionic 
segment ExampU a trachea arising on the right side, in the 7th 
segment, terminated in the right side of the 7th abdominal ganglion 
After these facts had In en established, it was always possible to check 
the terminations of tracheae m the ganglia with their origins in the 
abdominal segments The 8th abdominal ganglion i^as luvtr ob- 
served to be supplied by tracheae from the lateral trunks, this gan- 
glion was supplied by small branches from the tracheic to the 7th 
ganglion 


OAlVOLIOVIC TRAOHEAF IN DIPTEHOUS LARVAL 

It 18 a generally accepted fact that adult primitive inset is and the 
larvae of primitive type have 8 pairs of abdominal spiracks and 8 
ganglia m the Ist to 8th abdominal segments Each pair of spiracles 
and the tracheae leading from them constitute a tracheal system 
Any modification of tins primitive arrangement indicates evolution 
of the tracheal and nervous systems The 8 tracheal systems m the 
abdomen joined to form one complete system with those of the thorax 
and head Likewise, the gangha were connected m ‘^cliain” or “lad- 
der” arrangement and extended caudad to the 8th abdoramal seg- 
ment Modification of the nervous system m flies, as well as m other 
insects, consists m reduction of the number of ganglia, either by fusion 
or by loss, and concentration of the ganglionic mass in the meso- 
thorax and metathorax of many of the larvae 

The larvae of 0 etneta have only one pair of spiracles in the ab- 
domen, and they are located mside the 8th segment The only other 
pair of spiracles, which are not functional, are located m the dorso- 
lateral margm of the prothorax Although the author has not traced 
the development of these spiracles, ho assumes that they had their 
origin in the segments mentioned However that may be, this jun- 
portant fact remains, from a totid of 10 pairs of spiracles in the larvae 
of primitive flies the number has been reduced to 2 pairs m 0 emeta 
Residratory gases enter and pass out through the postenor 
spiraoies, which are gateways to the mam tracheal trun^ The 
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Fio 32 Graph showing the distribution of ganglionic tracheae from one hun- 
dred larvae, es per cent of which had 7 ganglionic tracheae with a moan of 
6 98 No larva had fewer than 3 or more than 10 tracheae 


lateral trunks are parallel and are connected to the main trunks by 10 
epiracular trunks The ganglionic tracheae extend from the lateral 
trunks to the ganglia Wahl (1900) figures 7 pairs of ganglionic 
tracheae m the abdomen of larvae of Ertnialu Umax L One might 
expect to find at least the same number of tracheae in the larvae of 
0 ctnctoi but this is not the case 


DISTRlBimON or OAKOUONIG TRACBOAS IN 
ODONTOMYIA CWQ7A LABVAB 

One hundred specimens collected at random from the same habitat 
were dissected, and the distribution of ganglionic tracheae in the 
abdomen was plotted as shown in Table 1 The number of tracheae 
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Fia S3 A Kraphio oompanson of the frequency of ganglionic tracheae on the 
right and loft eidea in the abdominal aegmonta The variation in the means 
IS insignificant 

present vaned as well as the pattom of distribution The maxunum 
number of these tracheae per larva was 10, the minimum 3, and the 
average 6 93 The average number for the right and left sides was 
3 58 and 3 35 respectively From Figures 32 and 33 it is apparent 
that there should be one ganglionic trachea per segment, and the 
difference between the averages of the right and left sides is insignif- 
icant Sometimes tracheae occur in pairs When this condition 
does exist it occurs most frequently In the 1st and 2d abdominal 
segments and least frequently In the 5th and 6th segments (Table II) 
The absence of both right and left tracheae m a segment occurs most 
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TABLE I 

Trachea® Lbadinq from the Lateral Tbunkh to the Ganglia in the 
Larvae or Opoxtomyia cjscta 


R « right side of abdomen + •• trachea present 

L • left nde of abdomen 0 0 •• tracheae abeent on both sidea 

The numbers m the stub indicate the number of abdommal aegmenU 



1 

2 

3 

4 

5 

6 

7 

8 

9 


R L 

R I. 

R L 

R h 

R L 

R L 

H L 

R L 

R L 

1 

+ 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 

2 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

3 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

A 

+ 

+ 

+ 

f 

+ 

0 0 

+ 

+ 

+ 

5 

4* 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

6 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

7 

+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 


2 + 5-7 

4+3-7 

4+3-7 

2+6-7 

4+4-8 

2+4-6 

4+3-7 

6 + 2-7 

2+6-7 


10 

11 

12 

13 

14 

15 

16 

17 

18 


R L 

H L 

R h 

R L 

R L 

R h 

R L 

R L 

R L 

1 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 

+ 

2 

+ 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ + 

3 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ 

+ 

5 

+ 

+ 

+ 

+ 

+ 

4' 

+ 

+ 

+ 

5 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

7 

0 0 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 


1+3-6 

3 + 4-7 

4+3-7 

3+6-8 


2 + 6-7 

ymm 

2 + 6-7 

4 + 4-8 



20 

21 

22 

23 

24 

26 

26 

27 


R I 

R L 

R L 

R L 

R L 

R L 

R L 

R L 

R h 

1 

+ 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 

2 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

3 

+ 


+ 

+ 

+ 

+ 

0 0 

+ 

+ 

4 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

5 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

6 

+ 

+ 

+ 

+ 


+ 


+ 

+ 

7 


+ 

+ 

+ 

+ 

+ 

m 

+ 

+ 


2+4-6 

4+2-6 

6+2-7 

6 + 1-7 

8+4-7 

4+3-7 


4+8-7 

3+4-7 


28 

29 

30 

31 

32 

33 

34 

35 

36 


R L 

R L 

R h 

R h 

R L 

R h 

R L 

R L 

R L 

1 

+ 

+ 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

2 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

8 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0 0 

+ 

4 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

6 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

6 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

7 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 


5+3-8 

2 + 6-7 

4+3-7 

6 + 2-7 

3 + 8-6 

3 + 6-8 

6 + 2-7 

6 + 1-6 

j 

1+6-7 
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TABLE I (Continued) 


n 

! 

37 

38 1 

39 

4U 

41 

42 


44 


R L 

R L 

R L i 

H L 

R I 

R L 

R L 

R L 

1 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

2 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

3 

+ + 

+ 

+ 

4 

+ 

+ 

+ 

+ 

4 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

5 

+ ! 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

6 

+ i 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

7 

+ i 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


6 + 2-8 

5 + 2-7 

6 + 2-7 

5 + 2-7 

3+4-7 

3+4-7 

5+2-7 

4+3-7 



46 

47 

48 

40 

50 

51 

52 



R L 

R L 

R h 

R L 

H L 

R I 

R h 

1 

+ 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

3 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

3 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

5 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

6 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

7 

+ i 

+ 

+ 

0 0 

+ 

+ 

+ 

+ 



4 + 3-7 

2 + 5-7 

2+4-6 

5+3-8 

4+3-7 

8 + 4-7 

5+2- 7 


53 

54 

55 

56 

57 

58 

59 

60 


R h 

R L 

R L 

R L 

R L 

R h 

R L 

R L 

1 

+ + 


+ 

+ + I 

+ 

+ + 

+ 

+ 

3 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

f 

3 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4 

+ 

0 0 

+ 

+ 

+ 

+ 

+ 

+ 

5 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

6 

+ 

0 0 

+ 

+ 

+ 

+ 

+ 

+ 

7 


+ 

+ 

+ 

+ 

+ 

+ 

+ 


4+4-8 

2 + 3-5 

4+3-7 

3+5-8 

4+3-7 

6+2-8 

4 + 3-7 

3+4-7 


61 

62 

63 


65 

60 

67 

68 


H h 

R L 

R h 

R h 

R L 

R I 

R L 

R L 

1 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

3 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

3 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

4 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 

3 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

e 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

7 

+ 

' 0 0 

+ 

+ 

+ 

+ 

+ 

+ 


8+4-7 

4 + 2-6 

5 + 2-7 

6 + 3-8 

4 + 1-7 

3+4-7 

1 + 4-7 

3 + 6-7 
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TABLE I (Conclitded) 



60 

70 

71 

72 

73 

74 

75 

76 


R L 

R L 

R L 

R L 

R L 

R L 

R L 

R L 

1 

2 

3 

4 

6 

6 

7 

+ 

■f 

+ 

+ 

+ 

+ 

+ 

6 + 1 - 7 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

6+2-7 

+ 

+ 

+ 

+ 

0 0 
+ 

+ 

0 + 6-6 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

3+4-7 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

S + 4-7 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4+3-7 

+ 

+ 

+ 

+ 

+ 

+ 

0 0 
4+2-6 

+ + 

+ 

+ 

+ 

+ 

+ 

3+6-8 


77 

78 

i 70 

80 

81 

83 

83 

84 


iR L 

R h 

R L 

R L 

R L 

R L 

R L 

R L 

2 

3 

4 

5 

0 

7 

: + 

' + 

+ 

+ 

+ 

4+3-7 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

3+4-7 


+ 

+ 

+ 

+ 

+ 

1 + 

+ 

3+4-7 

'+ + 

+ 

+ 

0 0 
+ 

0 0 
+ 

3+4-6 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4 + 3-7 

+ 

1 + 

0 0 
+ 

+ 

+ 

+ 

2 + 4-6 

.+ 

+ 

0 0 
+ 

+ 

+ 

.+ 

4+2-0 


85 

86 

87 

88 

89 

90 

91 

92 


R L 

R L 

R L 

R L 

R L 

R L 

n 

R Jj 

1 

3 

3 

4 

6 

e 

7 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

a+6-8 

+ + 

+ + 

+ 

+ 

+ 

+ 

+ + 
S+6-10 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4 +3 — 7 

+ 

+ 

+ 

+ 

+ 

+ ! 
+ 

5 + 2-71 

. .. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4 + 3-7 

+ 

+ 

+ 

+ 

+ ! 
+ 

5 + 2-7 

■ 

+ 

+ 

0 0 
+ 

+ 

0 0 

0 0 

3 + 1-4 


OS 1 

04 

95 

96 

97 

98 

99 

100 


R h 

R t 

R L 

R L 

R L 

R L 

R L 

R L 

1 

3 

3 

4 

5 

e 

7 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

3+5-7 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

5+3-8 

+ 

+ 

+ 

+ 

+ 

+ 

3+4-7 

+ 

+ 

0 0 
+ 

+ 

+ 

+ 

3+4-a 

+ 

+ 

+ 

+ 

+ 

1+6-7 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4 + 3-7 

+ 

+ 

+ 

+ 

+ 

+ 

0 0 
4+3-6 

+ 

+ 

+ 

0 0 
+ 

+ 

+ 

3+3-6 
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frequently in the 7th segment Thirteen per cent of the specimens 
had right and left tracheae m the 1st segment and none m the 5th, 
6th, and 8th With the exception of 2 per cent of the specimens that 
have right and left m the 7th segment, the tendency for this condition 
IS prevalent in the anterior portion of the abdomen On the other 
hand, absence of both a right and a left trachea is most frequent m 
the posterior portion of the abdomen Although this condition occurs 
in all segments, the highest percentages liapptn to be in the 7th and 
8th segments From these data it is suggested that tracheae are 
being lost from the postenor end of the larva forward Theoretic ally, 
there might be 16 ganglionic tracheae in the abdomen of one larva, 
but the probability is ml Sixty-three pi r cent of the specimens had 
7 tracheae, 16 per cent had 6, and 15 per cent had 8 Ilie remammg 
6 per cent hod 3, 4, 5, 9, and 10 tracheae (Fig 32) 

TABLE II 

SRaMKNTS WITH RlOIlT AND I TOACHtfAE! OOMIAREO WITH ThOSB 

Havinci neither Right nor Iept Tracheae 


Abdominal 

Right and left 

Neither right 
nor left 

tracheae present 

segment 

tracheae present 


Percentage 

Percentage 

1 

13 

1 

2 

4 

1 

3 

1 

7 

4 

1 

6 

6 

0 

1 

6 

0 

5 

7 

2 

9 

8 

0 

100 


Smee other fly larvae actually do have 14 of these tracheae, it is 
assumed that those of 0 ctftda might have the same maximum 
number It may also be assumed that, since the minimum number 
found was 3, these larvae might lose all the ganglionic tracheae in the 
abdomen One might deduce from these assumptions that the num* 
ber of tracheae may range from 0 to 14 if a sufficient number of speci- 
mens is examined According to the law of averages, a specimen wtth 
no tracheae and one with 14 would occur once among 16,384 It is 
doubtful whether or not a larva could survive with fewer than 3 
traeheae to the abdominal ganglia From the nature of the curve 
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(Fig 32) it would seem highly improbable that specimens with 11| 12, 
or 14 tracheae will occur 

TABLE III 

DisTEiBxmoN Pattbrns or Ganolionic Trachbab Which Oocurrbd 
Morb than Oncb in 100 Ranooh Spbcimbnb 


Specimen 

No 

7 

74 

3 1 

31 : 

90 

13 

76 

16 

64 

17 

47 

24 

79 


9 


R L 

R I 

R h 

R 1 

R L 

R h 



1 

4- 

+ 

+ + 

+ 

+ 

+ 

] 

5 

2 

+ 

+ 

+ 

+ 

+ 

+ 


% 

3 

+ 

+ 

+ 

+ 

+ 

+ 


3 

4 

+ 

+ 

+ 

+ + 

+ 

+ 

] 

I 

5 


+ 

+ 

+ 

+ 

+ 


s 

e 

+ 

+ 

+ 

+ 

+ 

+ 

1 

7 

+ 

+ 

+ 

+ 

+ 

+ 




4 + 3-7 

5 + 2-7 

13 + 6-8 

6 + 2-8 

2 + 5-7 

4 + 3-7 


Specimen 

No 


30 

82 

89 

34 

40 

41 

42 

66 

73 

45 

68 

51 

61 

5 


R L 

R h 

R L 

R h 

R L 

R L 


1 

4* 

+ 

+ 

+ 

-h 

+ 

E 

2 

+ 

+ 

; + 

+ 

+ 

4* 

f 

3 

+ 

+ 

4- 

4- 

+ 

4- 

'3 

4 

4- 

4- 

+ 

4- 

4- 

+ 

1 

5 

+ 

4- 

+ 

+ 

+ 

4- 


6 

+ 

+ 

+ 

4- 

4- 

+ 

1 

7 

+ 

+ 

4* 

+ 

+ 

+ 



4 + 3-7 

4 + 8-7 

5 + 2-7 

3 + 4-7 

2 + 5-7 

8 + 4-7 


It is apparent from Table I that these tracheae may be dis- 
tributed in a great many ways A larva with 7 tracheae also has 7 
vacant places Assuming that one trachea is like every other one and 
that the 7 may occur m any possible combination with the 7 blank 
positions, mathematically there are 3,432 possibilities The total 
number of possibilities for the observed range of 3 to 10 is 16,808 
With this large number of possible patterns of tracheae it would seem 
highly unprobable that from 100 specimens 2 would be found with 
the same distributional pattern of ganghonic tracheae The results 
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of a check art given in Table III Specimens 41, 42, 66, and 73 had 
the same pattern Specimens 30, 82, and 89 were alike, as well as a 
number of others According to the law of chan re, only once among 
15,808 specimens would 2 be expected to have identical distribution 
of tracheae To find 4 specimens among 100 larvat having the same 
pattern is considered significant evidence that a definite pntUm of 
distribution is bemg mamtamed during the process of losing tracheae 
Only 72 per cent of the specunens had individual patterns The 
other 28 per cent consulted of 12 patterns of distribution All the 
latter had 7 or more ganglionic tracheae Four sjiecimi ns had tra- 
cheae m pairs, and no segment was without a trachea Th( prevalent 
tendency is for tra< hca*' to occur m series, first on one side and then 
on the other side However, specimen 11 is an example of zigzag 
arrangement from left to right Specimen 71 had all the tracheae on 
the left side A full comph ment of 7 on the right side is reported by 
Kuster (1934) in specimen 2, Table II, page 634 

These tracheae range m diameter from 17 to 35 microns and 
may have a maximum length of 18 mm There has been a question 
whether or not tubes of this size could serve for the passing of respira- 
tory gases to and from the abdominal ganglia Poiscuillt (1842) 
demonstrated that water under pressure would pass through glass 
tubes smaller than 17 microns m diameter Air which has a coefficient 
of viscosity one fiftieth of that of water would pass through the same 
tube 50 times more rapidly, at the same pressure Since blood courses 
readily through the capiUanes of man, although they may be less 
than 8 microns in diameter, it is not speculation to assume that an 
ample supply of respiratory gases passes to the ganglia through these 
small tubes Gas has been seen to escape from a severed ganglionic 
trachea of a specimen submerged In glycerine 

Usually segments without tracheae are between segments m which 
tracheae occur It is seldom, therefore, that two adjacent ganglia 
are without a direct supply of oxygen A ganglion without an in- 
dividual trachea must depend for its oxygen supply upon diffusion of 
oxygen from the surrounding tissue and from the blood Specimens 
91 and 92 are examples In which two adjacent segments lack tracheae 
and m which the corresponding ganglia are without an mdependc^t 
oxygen supply In specimen 92 the 6th, 7th, and 8th segments and 
ganglia are without tracheae The pattern of tracheal arrangement 
in theise two specimens is unusual as compared with that of specimen 
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number 41 It seems reasonable to suspect that larvae with fewer 
than three abdommal ganglionic tracheae would not receive an 
adequate supply of oxygen upon which to survive A larger senes of 
specimens may furnish data which would disprove this conjecture, 
but according to Figure 32 the probability is exceedingly remote 

SUllMABY 

1 The number of ganglionic tracheae in the larvae of OdorUo- 
myta cincta ranges from a mmimum of 3 to a maximum of 10 in 100 
random specimens from the same habitat 

2 In the larvae of O cincta the number of tracheae has been re- 
duced from 14 m primitive adult insects and larvae of pnmitne type 
to an average of 7, one for each from the let to the 7th abdommal 
segments 

3 The reduction is most prevalent at the posterior end 

4 There is a definite pattern of arrangement of ganglionic tra- 
cheae in which the tendency is for them to occur m series of two or 
more, rather than zigzag from one side to the other 

6 It IS concluded that the reduction m number of tracheae is 
fortuitous and not due to possible physical mability to function 

6 A segment in which a ganghonic trachea onginates may be 
determmed by the gangbon in which the trachea termmates 
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THE JAW-TAG METHOD OF MARKING FISH * 

DAVID 8 SHETTER 


T he tagging or the marking of fish to determme hfe history> 
growth rate^ migrations, and other facts is a well-establish^ 
practice m scientific fisheries biology Marking, the process of cleanly 
excising one or more fins, is suitable for mass experimentation only 
Tagging, the attaching of a serial number to the fish by one of several 
means, yields much more valuable mformation on the movements 
and the growth rates of fish so treated, since by this means it is possi- 
ble to trace the history of the individual fish 

Previous mvcstigators have experimented with various kinds of 
tags on numerous species of both marine And fresh-water fish Out 
of this past work three kinds of tags have evolved The earliest one 
is the “button” type, which consists of two vulcanite or hard rubber 
disks connected by silver wire The wire is passed through the flesh 
of the fish and holds the buttons on each side of the body It is also 
applicable to the operculum Another type, one used predominantly 
in North America, is the “metal strap” tag, or “clip” tag This 
tag is a metal clip provided with a simple locking device operated by 
a special pair of pliers It can be attached to any of the fins, to the 
caudal peduncle, or to the gill cover The most recent development 
is the “belly” tag, a thin celluloid strip, which is inserted from the 
exterior through an incision made in the side of the fish A feature 
common to all types is the printing or stampmg on each of a serial 
number and a forwardmg address 

The earlier tagging work conducted for the Michigan Department 
of Conservation by the Institute for Fisheries Research made use of 
the strap tag Points of application were the caudal peduncle, giU 
cover, and occasionally the dorsal fin Returns from this work were 
meager, only two and seventy-one hundredths (2 71) per cent of 
some twenty thousand fish were recovered, and most of the returns 
were limited to only four of ten species of fish tagged 

* Contnbutifm from the Institute for Fiehenes Researt^ Department of 
Conservation, State of MiolUgan 

m 
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During 1032 and 1033, in the course of an attempt to develop a 
more satisfactory taggmg technique, Dr John R Greeley demon- 
strated with fingerling trout at the State Hatchery, Hametta, 
Michigan, the feasibility of nnging the lower jaw with the strap tag, 
and showed it to be superior to attaching tags to the dorsal fin, the 
caudal peduncle, or the gill cover ‘ In order to test the applicability 
of the jaw-tag method to larg< r fish Dr Gre< ley and the writer tagged 
sixty-five rainbow trout in the fall of 1933 at the Federal Hatchery, 
North villc, Michigan The size range of these fish was from eight to 
twelve mches, total length When these fish were examined one year 
lattr (November 1, 1934), thirty-two were found to have hold their 
tags, all were m good health Smee hatchery conditions at that date 
made it impossible to inspect the entire stock of trout m the ponds, 
even more than thirty-two trout may have held their tags It may 
be concluded, then, that at least 60 per cent of the tagged trout held 
their tags over a period of one year Observations revealed that the 
aigiallest tags, when used on these larger rambow trout, did not leave 
the jawbone enough room in which to grow, and as a result 66 per 
cent (ten fish) of the trout with the small tags forced them loose and 
lost them Trout over nine mches long should be tagged with No 3 
tags, those less than nme Inches carry the fingerlmg size very well 
The results of the experiment seemed to pomt out that, when a tag 
of the proper size was applied to the jaw, it would be earned by the 
trout over relatively long penods of time 

In view of these experiments the jaw-tag method has been adopted 
by the Institute for Fishenes Research for use m all tagging work on 
soft-rayed fishes The clip tag (m three different sizes) is the type 
used, and its application to the fish is a relatively simple operation 
A small slit is made with a scalpel under and inside the mandible 
The short end of the tag is then inserted through the aperture and 
clamped through the lockhole on the opposite end of the tag This 
projecting short piece is pmobed down firmly with jeweler’s pliers, and 
thus the tag is looked To allow for growth of the jaw, the resulting 
elongate oval is spread to an approximately circular shape by pressure 
exerted from both ends of the oval by means of the pUers 

The jaw-tag method of marking fish is in use at present in an in- 
vestigation of movements and growth rate of the brook and the brown 

‘ Dr Qrcc^ey’t findings are eentained in an unpublished report of the Insti- 
tute for Fisheries Reeearoh 
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trout on the North Branch of the Au Sable River Between July 25 
and September 27, 1934, 1,061 brook trout and 36 brown trout were 
marked by this method Of the 1,097 trout so tagged, 490 brook 
trout, or 46 per cent, and 7 brown trout, or 19 per cent, were recovered 
Of the 1,061 brook trout tagged, 27 per tent were recovered and re- 
measured from one to five times These repeated recoveries withui 
five months have provided rather accurate knowledge of their migra- 
tions and growth rates The comparatively high percentage of re- 
turns IS attributed to two factors (1) a better location of the tag 
on the fish, and (2) repeated semmg m and around points where fisii 
were tagged — a more efficient and dependable method of obtainuig 
recoveries than that offered by fishermen^s returns The publication 
of results on migration and growth rates will be deferred pending the 
addition of next summer’s data 

It IS the hope of the Institute for i ishents Research to be able to 
contmue this intercstmg study, and to develop the general technique 
of tagging to a point where it will be a more valuable aid to the Con- 
servation Department m the scientific attack on its many fisheries 
problems 
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AN INVESTIGATION OP THE BURROWING 
INNER-BEACH INSECTS OF SOME 
FRESH-WATER LAKES* 

J K GWYNN SILVEY 

E xposed sandy beaches of northern lakes often possess three 
more or less parallel zones which have a certain distinctness, 
depending somewhat upon local conditions It is possible to dis- 
tinguish three zones (1) mner beach, (2) middle beach, (3) outer 
beach The inner beach extends from the edge of the water up the 
slope to the place where the surface sand is no longer saturated 
with water and where the first traces of drymg occur Ihis zone 
is relatively narrow and somewhat exposed to the occasional wash 
of the more gentle waves of calm weather The middle beach oc- 
cupies the region just shoreward of the mner beach It is subject 
to wave contact only during ordinary rough water In calm weather 
this zone has a dry surface, although it contains water at deeper 
levels The outer beach extends from the middle beach to the land- 
ward limit of the beach proper Waves reach it only during vio- 
lent storms In the summer it is usually dry to some depth and 
subject to some shifting of the sand by winds It may support a 
few beach plants 

These zones, where produced in typical form, are commonly kept 
free of the coarser d^bns, although some of the finer detritus be- 
comes mixed with the sand Dunng calm weather dnfts of organic 
matter may occur near the water line 

In many inland lakes of the Great Lakes region, and probably 
^sewhere, the Inner beach, when developed, possesses a unique 
assemblage of burrowing insects which has virtually never been 
studied The investigation upon which this paper is based was pri- 
marily an ecological one, but attention was also given to life his- 
tories mid taxonomio relationships 

* Oontribtttioii from the Umveraity of Michigan Biological Station and 
from tha Pepartment ol Zoology, University of Michigan 
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Considt ration of the burrowing inncr-beach insectH from an eco- 
logical gtandpomt has heretofore been neglected, and there m almost 
no literature on the subject There are but a few bnef reports of 
mud-burrowing forms, such as that of Claycomb (1919), with figures 
of life-history stages not unlike those of sand-burrowing forms 
Klunzingcr (1906) and Williams and Hungerford (1911) also de- 
scribed life-history features of certam heteroccrids Andrews (1921) 
mentioned the occurrence of omophronids, carabids, and heter- 
ocerids under debris on beaches Dury (1902) showed that certam 
families of Coleoptera include species that burrow, and he con- 
tributed a few notes of biological interest Wickham (1903) also 
showed that some members of the families dealt with later in this 
paper are burrowers No taxonomic references to the larval stages 
of the species involved in this work are known to the writer 

This work was done at the University of Michigan Biological 
Station on Douglas Lake, Cheboygan County, Muhigan The 
shores of Douglas Lake are very suitable for studying the bu mowing 
forms of the inner beach Also m the vicinity of Douglas Lake 
there are several lakes whose beaches support such an msec t popu- 
lation 

Acknowlbiwments 
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Methods 

All the species studied make runways or burrows just beneath 
the surface of the umer-beach sand Often these burrows attain 
great length, and at other times are just long enough to cover the 
hidden insect Wide sand-bar and sand-spit mner beaches gener- 
ally support the larger number of burrowers These beaches are 
saturated with water, so that trampmg bghtly on the sand forces 
the water to the surface and thus destroys the burrows and buoys 
the insects to the surface In this manner n^id colleotuig oould 
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be earned on Since most of the adult burrowers are good fliers, 
fast collecting was necessitated if many were to be captured A 
slower method of collection was that of digging the msects out of 
the burrows A bent dissecting needle or a similar instrument was 
employed to remove the top of the burrow and expose the anunal 
At night the wnter collected many individuals by using a light to 
attract them, but this method is unsuccessful for those that do not 
fly 

For mass collection a soil sieve with a mesh oiu sixteenth of afi 
inch was used A small shovel or a trowel was employed to take up 
the sand containing mscct burrows and to place it m the sieve The 
sieve was then carried out into the lake where the wnUr was about 
twelve Indus deep, and by rotatmg the partly submerged sieve, 
flrst m one direction and thin in the other, most of the sand was 
removed Tht sieve was then placed m water about three inches 
deep Overflow at the rim was avoided, so that the insects were 
floated on the surface and easily collected 

Fauna 

The insects occurring on the inner beach fall into two cate- 
gories (1) those tliat make their own burrows and live m them 
most of the tune, and (2) those that are not fossorial, but may 
occupy the burrows made by other species The former group has 
been referred to as the true burrowers, the latter, as visitors These 
designations indicate more or less the true relation of the msects to 
the mner beach, as will be shown later The lists of species given 
below do not indude all the miscellaneous lieetlcs that have been 
collected from time to time on inner beaches, but give only those 
which actually belong to this assemblage 

1 TRUE BURROWERS 

DyschinoB nignpes Lee Affonodenis palUpes (t ah ) 

Dyachirlus longulus Homophron amerioouum (I>ej ) 

O^hiriua termUmtus Leo Homophron teasellfttum (Say) 

^aohiriuA aphaorfeotUB Say Heterocerua aurominana Kiea 

B^bldion oonfuauin Hayw Bledlua ap 

2 VISITORS 

Elaphrtta rusoanus Say Bembidion mteitnedium Rby 

BttnbUUon Uttorale (OUv ) Bembidion maekinaconala Hatch 

Bembidion tnmaveraale Dej Calathua gregariua Dej 

Bembidion patruele Dej Agonum erruia (Say) 
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Agonurn ootopunotatus (Fab ) 
Chlaeniua 

Anadaptus discoideiu ( Dej ) 
Hydroponia undatua ^y 
Chaetarihria sp Steph 
Stenua atygioua Say 


Stenua ap 

Qaatrolobium bioolor (Grav ) 
Philonthua oonfertua Lee 
Myllaena intermedia Er 
Luoidota nlgrieana (Say) 
MordelUatena oervicalia Lee 


Distribution 

In the region studied burrowing msects occur with greater fre- 
quency on more protected portions of the inner beach Sand-spits 
are generally covered with runways of those insects Sand-bars 
have many burrows on parts tliat are rather level and not exposed 
to wave action At all times the narrow inner beach accommodates 
few burrowing beetles but, when present, the burrows are nearer 
the middle beach Dunng high waves the sone of burrowing may 
shift toward the middle beach, quiet surface water may produce 
the opposite effect 


TRUE BURROWXR5 

Dygekirtus ntgrtpea — Adults on outer portion of inner beach, 
mostly m very protected sand-spit regions formed by slowly reced- 
ing waters, about three inches beneath surface sand, most often 
in very small tunnels Eggs, larvae, and pupae not 

DyachtnuB loTtgulua — Resembles D nignpea^ ilt l^pearance and 
habitat, differs m its reddish color and wider distnbution 

Dyachtrtua iermtmtua — Rare in northern Michigan, collected 
only on inner side of water-saturated barrier beach bars 

Dyaehxnua aphamcollta — Collected on all three types of sandy 
inner beach, scattered widely on narrow inner beaches, generally 
on side nearest lake, many on lakeward sides of sand-spits, burrows 
only fraction of mch beneath surface of sand Eggs in runways, 
each egg encased in small sand capsule First instar larvae produc- 
ing small tunnels just large enough to permit movement Larval 
burrows more numerous on sand-spits, almost imperceptible be- 
cause of small siee and drymg of surface sand Pupae in widened 
final parts of larval burrows 

Bemhtdum confuaum — Frequ^ts sand-spits and barrier sand- 
bars, on those narrow Inner beaches in close proximity to other 
types of habitat Large burrows infrequent Individuals active on 
the surface of the inner-beach sand Eggs In shallow burrows on 
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inner beach Larval runways just large enough to accommodate ac- 
tive movement Pupae in small cell excavated in burrow 

Agonoderua palhpea — Rare at times, common at others, adults 
on the lakeward side of small sand-spits or newly formed sand- 
bars 

Homophron amertcanum — On the older parts of sand-spits and 
sand-bars, burrows not obvious because of the drying of surface 
sand, about one Inch beneath surface or wherever moisture be- 
comes suflBcient to hold sand grains together, found only by recog- 
nition of the type of environment Eggs in burrows, encased m 
small protective sand capsules Larval burrows on damper parts of 
inner beach, producing characteristic runways just beneath surface 
Pupae in enlarged part of burrows 

Homophron ieaaellaium — Abundant on newly formed sand-spits 
protected in small coves or harbors, common on narrow inner 
beaches, but never in large groups Newly made burrows obvious 
on all kinds of inner beaches, not permanent About three inches 
below surface of sand on old inner beach Eggs in sand, generally 
in burrows or just underneath damp sand, enclosed m small pro- 
tective sand capsules, open at one side Larval burrows just under 
surface sand, obvious from above and bisarre in shape Larvae 
more numerous than other immature forms on inner beach, or some- 
times apparently so, because of their large tunnels, in all types of 
inner b^h, sometimes in rather large aggregations Pupae m en- 
larged part of burrows 

Heterocerua auromteans — Common on wet portions of sand- 
spits, old bamer sand-bars, and wide inner beaches formed by reced- 
ing lake waters as flat expanses of very wet sand Eggs, appearing 
as very small clusters of whitish balls, m deserted burrows about one 
inch beneath surface Larval burrows m the same situation Pupae 
in enlarged part of burrows 


VISITORS 

On a wide expanse of evenly slopmg inner beach partly covered 
with Equisetum one will find Elaphrus ruscartus, Agonum err^, 
A cctopundaluMf and Ccilathw gregartus These carabids dart* in 
and out mnong the vegetation, but seldom enter burrows formed 
by other species As the beach narrows and the vegetation disap- 
pesrs one finds very different species Visitors living on this narrow 
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inner beach are numerous, but the number of speciee is small Among 
them are Bemlndtan transversakf B patmekf and B tnUrmedtum 
Earner sand-bars support various visiting species, which are es- 
pecially numerous after the bar has gained connection with the rest 
of the inner beach In this group are Bembtdton ItUorak, B inter- 
medium, B patruek, Agonum errane, Stenus atygtcus, Luadola nt- 
gncam, and PhtlorUhua confertus Sand-^pits of all ages have a 
vaned population of visitors, among which are Bembtdton httorak, 
B patruek, B intermedium, B macktnacensie, Agonum errane, Hy- 
droporue undatue, Sknue eiygxcue, Gadrolobtum bicolor, PhiUmthue 
confertue, Myllaena intermedia, and Mordetliskna cervtcalia This 
list does not mclude all species collected in the mner-beach vicinity 

Quaniitaiive and Qualitaiive Dietribution 

Special surveys were made around the inner beaches of Douglas 
Lake m order to determme the quantitative and qualitative dis- 
tribution of the burrowing species One hundred stations were 
marked around the shores on different typos of sandy inner beaches 
Uninhabitable parts of the beach were given no consideration The 
stations were established one hundred paces apart, chosen at ran- 
dom on the inner beach A wooden frame, one foot square, was 
used to mark a certam area on the beach, and all the s^d excavated 
to a depth of six inches was placed in a sieve of appi^Opnate mesh 
The burrowmg and the visitmg insects m this area were collected 
by this method, as previously desenbed 

Table I gives the actual number of organisms taken on one 
hundred square feet of sandy inner beach during June and July, 
1929-30 It should be noted that the insects were collected from 
all types of inner beach and at particular stations 

The second survey was made m late August and early Septem- 
ber in the summers of 1929 and 1930 The data secured (Table I) 
show that there had been a decrease in the quantity and the qual- 
ity of some of the adult forms The numbers of B confueum, 8 
etygicus, and H teeeeUatum had increased slightly over those found 
in the previous survey 

DteiribiUion on Different Lakee 

An examination of the inner beaches on other lakes m the Doug- 
las Lake region revealed the presence of burrowing species Not 
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all Ix'achrs proved equally productive A few larvae of H tessel- 
latum were secured at various places on the shores of Burt Lake 
Other true burrowers were absent Visitors occurred m large grou]>6, 
although the variety of s^iocies was small, B paintele and B tnter- 
medtum were the only species collected However, not all the bench 
region on this lake was examined Sand-spit and sand-bar forma- 
tions on Carp Lake were numerous enough to provide a suitable 
habitat for burrowing beetles The true burrow trs found were H 
tesaellcUumf H auromteans^ B con/«wm, H ammeanwrn, and D 
sphaencolhs B httoralef B intermedtum^ and B poiruele were 
among the visiting species 


TABLE I 

Quantitative and Quautativs Distbibution or Bubrowino 
Inbkcts on BsACHiBa OF Douglas 1 aks 

All values represent averages 

Number of insects ptr 100 square feet 
Species 1929 and 1030 



June-July 

Aug “Sept 

H auromioang 

105 

85 

Carabid larvae 

31 

38 

B oonfuBum 

0 

14 

D sphaencolliB 

8 

3 

B intermedium 

0 

3 

H tcsaellatum 

5 

5 

H amoncanum 

4 

2 

B littorale 

4 


D longulus 

2 

1 

A pallipes 

2 

1 

D nignpea 

1 

1 

D temunatus 

1 


A erraDB 

1 

1 

8 ntygicue 

1 

4 


Few bog lakee have an exposed shore line sufficiently large to pro- 
vide a sandy beach Vmcent Lake is an exception, since it has a 
small amount of beach on one side Only one burrowmg larva was 
found, the immature form of B hUorale The adults of this species 
wwe ccdlected on the same beach, although they do not burrow 
No true burrowmg adults were found 

The beaches of Munro Lake were prolific in burrowing msecte 
Iliere were no sand-spits in the early part of the summer, but be- 
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fore it was half over many had formed In addition, barrier sand* 
bars were scattered up and down the shore lines for a quarter of a 
mile or more These species always found to be very prevalent were 
H teasellatum, H ammcanunit H auramteanSf B and D 

sphaencoUts Not only were the adults very numerous, but the 
beaches, because of their stability, provided a very good place for 
the immature stages of all the species mentioned above In addi- 
tion to the true burrowing species, there were numerous visitors, 
though not representmg many species Visiting species were B 
tnUrmedtum, B pairueU, A errana, B hUorale, and Pkthnthua con- 
fertua A few of the rarer burrowers, such as D ntgnpes, D UrnguluSy 
and A paUtpeSf were taken infrequently The large number of bar- 
ner beach bars and sand-spits made Munro Lake as productive as 
Douglas Lake, although the former had less expanse of inner beach 

Physical Features or Environment 

WIND ACTION 

The mfluence of wind action on the distribution of burrowing 
insects, which is largely secondary, is through its effect upon the 
beaches It seems to play a pnmary r6le only when prolonged or 
extremely high, at such times it forcibly scatters the immature and 
the adult insects Wind action may also partly ctotrol the food 
supply, the stability of beaches, and the water content of surface 
sand 

WAVE ACTION 

Burrowers on older sand-spits and barrier sand-bars are not 
greatly endangered by high waves, but, in instances of freshly formed 
sand-spits and sand-bars, the highest waves may lash well up the 
surface If this portion of the surface is occupied by burrowers, 
their runways are destroyed and the inhabitants carried on the 
water Such species as H auromteans and B eanfnoum are able to 
6y directly from the surface, but others that are unable to fly swim 
back to the sandy beach On reaching the inner beach the insects 
crawl to a more protected {dace and make other burrows Some im- 
mature stages are often earned out mto the lake and never return, 
others perform m the siune way as the adults in n^auung the old 
habitat 

Wave actum on the narrow inner beach is more effective on the 
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inhabitants than it is on other types of beaches During excessive 
wave action the entire inner beach is washed by the waters from the 
lake, so that if burrowers are present they are washed out When 
disturbed, they act as has been previously described, except that 
they may at times burrow in the middle beach until the waves have 
abated Thus wave action causes occupancy of the narrow inner 
beach to be more hazardous than occupancy of the other two types 
of habitat 

MOLAR AQEK'rs 

Molar action is here caused by pebbles, stones, and larger sand 
grams in the beach rubbmg together and by the impacts of finer 
sand grains carried m suspension by the moving water This effect 
is produced through the action of winds and waves The narrow 
inner beach, because of its situation and formation, has considerable 
molar action which, when severe, prevents the burrowers from pro- 
ducing runways of any description, and thus makes occupancy al- 
most impossible Molar agents are not continually active, being 
virtually absent m times of calm These statements apply not only 
to the narrow inner beach, but also to the barrier sand-bars and 
sand-spits 

WATER CONTENT 

The narrow inner beach, because of compactness of the sand due 
to wave action, does not have an excessive amount of water When 
the water content is low, it is difi^cult for the small burrow mg in- 
sects to tunnel beneath the surface of the sand, hence they are 
either absent or occur m limited numbers 

The barrier sand-bars and sand-spits vary m water content ac- 
cording to their age and formation In the barrier sand-bars of re- 
cent development the water content is high, since the surface of the 
bar 18 just above the surface of the water and since the sand com- 
posing It is not packed As the bar grows older, more sand is added 
to its surface, producing a formation that rises higher above the 
water level If wave action is present, even in a small degree, the 
sand is gradually packed This action continues until the sand-bar 
possesses a surface that is dry, except for the edges which are in the 
Water These gradual changes account, in part, for the variations 
tiiat are noted m the insect population 

Sand-pits always possess high water content In new sand- 
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spits the perceni«^e of water is higher than at other times, since 
their surfaces are just above the water line As the sand-spit be- 
gins to age, the water content becomes reduced m the surface sand 
The amount of water m the lower sand layers, however, remains 
constant Those insects regularly found m this environment have 
all the water which they need 

Chemical Featches of Environment 

Chemical analyses were made of the watei contained in the sand 
of the mner beach and, as might be expected, it possessed essentially 
the same chemical features as did the surface lake water Though 
some decomposition of the organic matter takes place m the Inner 
beach, the continuity of the contained water with the surface water 
of the lake and the gentle lappmg of the wavelets m calm weather 
probably keep all accumulations of decomposition products leveled 
out Since the chemical features were essentially uniform, the de- 
tailed data of the chemical analyses are omitted here 

BlOIvOaiCAL pKATtXRFS OF THE ENVIRONMENT 
VEOBTATION 

The effect that vegetation plays in the distribution of these in- 
sects IS slight Most of the plants consist of small lierbs and shrubs, 
with occasional patches of grass and larger bushes The narrow in- 
ner beach seldom supports plants of any kmd, since the physical 
agents prevent their continued existence Vegetation acts on the 
burrowmg insects only when it becomes dense enough to hinder or 
inhibit their activities On the other hand, vegetation may exert 
an mdireot effect upon those insects dependent upon sand-bars and 
sand-spits Barrier sand-bars, when first formed, appear to be rather 
temporary structures However, roots of rapidly growing vegeta- 
tion aid m giving the bar a permanent basis Also, sand-spits are 
often kept fixed by vegetation 

FOOD BVPFLY 

Plankton washed upon the inner beach sand serves as food for the 
burrowing insects In addition to the plankton there are other mi- 
croorganisms which seem to be regular residents of the inner-beach 
sand This latter group is still little known Also, nothing is yet 
known concerning the extent to which they serve as food for the 
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burrowing insopt« Therpforp, all the disousMon m this action deals 
with the plankton 

The narrow inner beach seldom supports a large amount of 
plankton matenal In tertam instances plankton “drifts” cause 
portions of the mmr beach to be heavily infiltrated with planktcrs 
Plankton dnfts an usually caused by onshore winds producing 
onshore waves of a eertam \elocity These drifts art temporary, 
since a slight change either m direction or m velocity of the wind 
distnbutes the dnfted plankton back into the open lake 

Quantitative counts of microfirganisms m the three types of in- 
habited beaches showed that the narrow inner heath mamtaintd the 
smallest number, the barrier sand-bars were next in quantity, and 
the sand-spits maintained the largest number It was found that 
the distribution of the burrowing insects depends, to some oxtint, 
Upon the distribution and the quantity of these footl materials 

Bubkows 

These inseitw produce burrows so chanutcnstic that tlu spenes 
making the m can be identified by th< ir size and form, hut experi- 
ence IS necessary to enable one to recognize the different kinds of 
burrows since, at first sight, they app<*ar quite similar The adults 
of a species may produce one type of burrow, but the larvae of th( 
same species may make an entirely difftrtnt sort Larvae of differ- 
ent species have different types of burrows 

Larval burrows vary m size according to the larval mstar, hut 
the form of the burrow does not change, no matter whiih mstar 
produces it Burrows produced by adults arc, at most times, of a 
constant size and shape peculiar to the sijeeies of beetle inhabit- 
ing It 


KEY FOR THE IDENTIFICATION OF BORROWS 
I Noobranchtng burrows 

A Burrow extending wholly or m part beneath surface stratum of sand 
1 No obvious surface connection, burrow at least one inch below 
aurfzce of sand 

a Simple, horixontal, straight, diameter not exceeding 2 mm 

(R LXV, Fig 29) O ntgnp«$ adults 

b Simple, rnolmed slightly toward vertical, almost straight, 
diameter not exceeding 3 mm (PI 1 XV, Fig 30) 

P kmpwlua adulta 
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2 Obvious surface connection present, course of burrow Inclined 
more or less don-nword 

a Course of burrow in two portions (o) upper downward slop- 
ing section, followed by (6) borlsontal extension (PI LXV, 

Fig 31) A paUiptB adults 

b Course of burrow not m two distinct portions 

(1) Course of burrow inclined 

(a) Entire course of burrow with slight vertical molina- 

tlon, depth, 4-5 cm (R LXV, Figs 3M3) 

H teaiellatum adults 

(b) Entire course with great vertical inclination depth, 

1-3 cm (PI LXV, Fig 34) B wnfusum adults 

(2) Course of burrow essentially honsontal, shallow 

(a) Course irregular, enlargements at intervals (PI LXV, 

Figs 35- 36) H ammeanum adults 

(b) Course irregular, but diameter constant (R LX VI, 

Fig 37) B cor^uaum larvae 

B Burrows in surface layer 

1 Course of burrow irregular, surface perforations m burrow (R 

LXVl, Fig 38) /> spfutencoUts adults 

2 Course of burrow straight, surface perforations absent (PI LXVI, 

Fig 30) D sphaencoUu larvae 

11 Branching burrows, near surface 
A Burrows with mam tunnel 

1 Lateral burrows branching off from mam burrow, diameter con- 

stant 

a Branches rebranching (R IJCVI,Fig 40) H iesssUafum larvae 
b Branches simple (R LXVI, Fig 41) H aTnmeanum larvae 

2 Lateral burrows branching off from mam burrow always smaller 

in diameter (PL LXVI, Fig 42) H atu-<mican» larvae 

B Burrows without main tunnel, burrows branching, course extremely 

tortuous (R LXVI, Fig 48) H auromicons ^ults 


Ds&ciupnoNft OP Biquiows 
D mgnpt$ adiilt 

Burrows about 7 5 cm undersurface, unbranched, slightly ver- 
tical course, later turning honscmtal Direction straight, diameter 
not over 2 mm Found ordinarily m older portions sand-bars, 
sometimes in portions of sand-spite unaffected by seasonal changes 
Length, 10-^ cm 
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D longulus adult 

Burrows 2 6“7 6 cm beneath surface, unbranched, entire course 
inclmed slightly from surface to depth of 7 5 cm Diameter, 2~3 
mm , seldom 4 mm Same locality on beach as those of D nignpes 
Length, 10-40 cm 

A palhpes adult 

Surface entrance mto burrow Course simple, unbranched, al- 
most vertical, with obtuse angular bend changing course to hon- 
Bontal, diameter constant Vertical portion 2-3 cm m length, 
horizontal, 2-15 cm , diameter uniform, 6-8 mm Found on wet 
edges of sand-bars and very wet portions of sand-spits 

H iessellaium adult 

Burrow position varying from surface to depth of 4-5 cm En- 
trance on surface, raised, open Tunnel with slight vertical incli- 
nation, position not horizontal, unbranohed and simple Diameter 
of burrow constant, course straight, no angular bends or curves 
Diameter inside, 8-10 mm , outside, 15-20 mm Length, 3-20 cm 
Rare on narrow inner beach, prevalent on sand-bars and sand-spits 

B confitsum adult 

Surface entrance into burrow present, course simple and un- 
branched Almost vertical, no horizontal elongation, sbghttermmal 
enlargements appear as pits'’ m beach sand Diameter constant 
with exception of terminal enlargement, 6-10 mm Depth, 1-3 cm 
On surface sand-bars and sand-spits 

H amencanum adult 

Burrow depth varymg down to 2 cm , unbranohed Course es- 
sentially horizontal, tunnel irregular, with obtuse and acute angu- 
lar curves Diameter of burrow irregular, notable enlargements at 
carves in course, no extension m vertical direction Diameter vary- 
ing, 8-10 mm Length, 3-40 cm On wet portions of sand-bars 
and sand-spits, oocasionally on narrow inner b^ch 

B conftmim larva 

Varying from surface to 2-3 cm beneath Course horizontal, 
visfy irregular, angular curves generally obtuse, occasionally acute 
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Tunnel imbranched, diameter constant, increasmg with later larval 
instars Diameter of burrow of first larval instar less than 1 mm , 
that of last larval instar as much as 5 mm Length, 1-40 cm Pat^ 
tern constant for various instars On surface and edge of sand-bars 
and sand-spits 

D sphaencollta adult 

Surface burrow easily visible Course irregular, unbranched, 
twistmg from right to left, curvea gentle, never abrupt Surface 
perforations sometimes present, few Burrows sometimts uncov- 
ered Diameter of burrow inside, 30 cm On parts of narrow inner 
beach, barner sand-bars, and sand-spits 

D aphaencoUu larva 

Surface burrow, unbranching, course straight, few if any irreg- 
ulanties Inside diameter in first larval instar less than 1 mm 
Form of burrow constant for all larval instars, diameter increasing 
to 4 mm Length vaiying with larval instars, 1-30 cm Mostly 
on sand-bars and sand-spits 

H teaaeUatum larva 

Burrow entirely at surface, multiple branching, very complex, 
course of main tunnel irregular, curved, branches given off laterally, 
2-6 branches not unusual Number of branches not constant, diam- 
eter varying with larval instar, constant throughout whole system 
Course of branches irregular, length always less than mam tunnel 
Diameter first larval instar burrow less than 1 mm , increasmg with 
instars to 6 mm Same pattern always in evidence Length of 
main tunnel, 10-70 cm , of first branches, 10-40 cm , of second and 
third branches, 5-20 cm On all types of Inner beach, most common 
on sand-spits 

H atnencanum larva 

Surface burrow, easily seen m sand, branching and complex 
Position entirely horisontal, course of main tunnel irregular, 
branches given off laterally, at about right angles to main burrow 
Branches not rebranching, never so long as main tunnel, number 
2-10, diameter varying with larval instar, but not in one complete 
system Duuneter m first larval instar \em than 1 mm , in last 
larval instar, 6 mm Pattern constant Length of main tunnel, 
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&-60 cm , of brancheH 1-20 cm Found on wet sand of bars and 
spits 

H auromtcans larva 

Burrow extended entirely at surface, single, simple branching, 
course of main tunnel twisted, irregular Small, short branches 
given off laterally from mam tunnel, at about right angles, diameter 
less than that of mam burrow Course of branches rather straight 
largely following direction taken by mam tunnel, length much less 
than 1-4 mm Length of mam tunnel, 5-20 cm , of branches, 1-8 cm 
Mostly in sand-spits 


H auromtcans adult 

Burrow near surface, entrance ojxn, whole structure raised 
above sand surface, completely horizontal, doubly branching and 
complex, mam tunnel absent From entrance, tunnel extension 
straight for a few centimeters, branching m either or both directions, 
branching following tortuous path, sometimes approaching their own 
origin, rebranching, producing short burrows, also quite irrtgular 
Diameter constant in all tunnels of the burrow systtm Final for- 
mation very chaotic, no discernible begmnmg or end Diameter in- 
side, 4“ 6 mm , outside, 7-10 mm Length quite variable On all 
sorts of beach 


Recokds, Plaster Casts 

Permanent records of the form of burrows made by the different 
species were desirable It was found that plaster of Paris might be 
used successfully if care was taken in the manner in which it was 
applied to the burrows Moldmg clay was employed to construct 
a ring around the area of the burrow about an moh m height This 
nng prevented the plaster from spreading over too large an area 
After the ring had been made, the plaster was poured into it The 
mixture of piaster and water was tiuck before it was poured on the 
burrow, so that it hardened very fast When it had hardened suf- 
ffoiently^ It was carefully taken up As it was raised the top of the 
burrow clung to the plaster mold, so that the burrow channel was 
uncovered The exposed inhabitant was collected, placed in a vial 
oontauung alcohol, and given a senal number corresponding to the 
one written on the mold 
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Molds of the burrows were allowed to dry until they were very 
hard They were then covered with a very thin coating of soap so- 
lution, and another mixture of plaster was poured on the mold This 
treatment kept the second pour of plaster from sUckmg to the mold, 
and It was easily removed as it reached a harder consistency By 
this method a cast of the burrow was made from the mold that had 
been previously taken from the beach 

Attempts at photographing the burrows met with httle success 
The sandy beach does not possess a sufficient amount of contrast- 
mg color to produce good photographs 

Qenebal Biolooy 

FOOD 

As mentioned previously, the plankton in the mner-beach sand 
serves as food materials for the burrowmg msects This was shown 
through feeding experiments, in which the beetles reared were later 
dissected and the stomach contents exammed Some of the forms 
were selective in the type of plankters consumed, as will be de- 
scnbed in the section dealing with general habits Plankton was 
removed from the lake water by Birge cone nets drawn behmd a 
motorboat and was always used soon after collecting to assure fresh 
food for the burrowers If the sand already had a large amount of 
water, it might become fiooded by the addition of the plankton 
In such instances the excess was removed by withdrawing the water 
from the lower layers of the sand by means of a synnge bulb and 
attachments In this manner the plankters settled upon and mto 
the surface layer of the semd Since not all the plankton in the sand 
was eaten it was necessary to change the sand at regular intervals 
in order to prevent undue putrefaction 

RESlSTAKCB TO SUBMEROENCE 

Since submergence, due to waves and changes m water level, is 
a standing possibility, it was of interest to determine the ability of 
these air-breathing forms to resist immersion in water Adults of 
the vanous burrowing species were continually submerged in water 
for varying intervals Small beakers were Inverted in larger con- 
tainers Med with surface lake water Adult beetles wexe placed un« 
der smaller oontamero, so that their activity might be watched 
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Cessation of activity was no index of the life of the insect Care- 
ful records were kept on the tune the insect was active under 
water When activity ceased^ it was removed at regular intervals 
to determine whether or not it was still alive This was the only 
procedure that gave satisfactory information os to the time when 
the beetle died In addition to the work done on adults, a like 
amount and kind of work was performed on the larvae of the same 
species Results of these experiments are stated in Table II 

Immature forms are better able to withstand submergence than 
are the adults The adults are not exposed to as great haEards, how- 
ever, because they will at all times come to the surface of the water 
and float, whereas the large larvae seldom come to a floating position 


TABLE II 

RsSULTS or KXPflRlUSNTS ON Rbsistanck to Submsrokncb 
Five adults and two larvae of each species were tested 


Bpocicd 

Adultc 

1 arvae 

Cessation of 
activity 

Death 

Oasation of 
activity 

Death 

B oonfusum 

1-2 Jom 

66-61 min 

25-28 min 

2 5-2 7 hr 

H tesBcUatum 

2-3 “ 

60-80 “ 

48-60 

2 2-2 6 ** 

H amcncanum 

1-4 5 « 

61-72 ** 

21-24 “ 

20 

P sphacncollis 

2 8-81 “ 

60-61 

31-34 

25-26 

R auromieans 

36-39 » 

60-61 • 

01-64 • 

2 6-3 2 “ 


SBA80NAL QUANTITATIVE VARIATIONS 

In the Bpnng adults of the burrowing species are not numerous 
in all iocaUties around Douglas Lake Narrow mner beaches are 
often completely barren of such species Barrier-beach bars have a 
population that corresponds to the type and location of the bar, 
that iBf those bars which have existed all winter and have never 
been completely submerged or are too far from the water line have 
burrowing species, those not corresponding to these requirements 
are not inhabited Most sand-spits are mhabited with burrowers of 
diiSereot sorts This is not true if the spit has been too far removed 
froEm the water^B edge in the late fall of the previous year Thus, 
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adults may be taken almost at will in sand-bar and sand-spit en- 
vironments dunng the sprmg 

By midsummer the water in the lake begins to drop This k^v es 
exixmures of sandy beach m those places where the shoal decline 
w not steep These newly formed beaches become slowly inhabited 
by different kinds of burrowing species After these beaches have 
become permanent, they are of a modified sand-spit form Those 
adult forms which have nugrated to this locality are of the old gen- 
eration, 1 e those that emerged the previous fall Drop m water 
level increases the quantity of usable beach for the burrowing 
species As it happens, the eggs are laid from the spring to late 
summer At the former time the water Ime is high, and the in- 
habited portions of the beach are, as has been indicated, the sand- 
bars and the sand-spits The eggs hatch into larvae, which burrow 
in or near the locality where they develop Sometimes various out- 
side influences dissemmak the eggs, so that burrowing larvae are 
apt to be found on any beach, but are most prevalent on bars and 
spits The larvae pass their entire existence in such a situation and 
pupate at about the same place After the pupal stage has been 
completed, the newly formed adults do not migrate far from the 
place of their emergence In many mstances final transformation 
occurs so late m the season that, when adults do emerge, they never 
come to the surface of the sand, so that migration from that area 
is not apparent The emergence of newly formed adults thus in- 
creases the quantity in the older sand-bars and sand-spits, even 
though some specimens from the previous generation have migrated 

In the late fall, when ice coats the surface of the lake, the more 
recently formed beach is covered with ice sheets, and those bor- 
rowers which have lived up to this time on the beach die off Since 
a greater number of the newly emerged beetles have remained m 
the older sand-bars and sand-spits, they survive and extend their 
burrows deeper into the beach The water is not generally sufficient 
in the deeper layers of the sand to permit total freesing and, in ad- 
dition, the upper layers of the sand are at most tunes protected by 
a blanket of snow In this manner the adults of the various species 
overwinter The following spring they are found m the locahties 
m which they have spent the wmter 

The variation m the quanUty of larvae is obvious from what 
has been related concerning the life history of the burrowmg species 
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In the early part of the summer season f( w if any ran be collectc<l 
In midsummer a few begin to appear, and later on they berome 
quite numerous 

In the early spnng adults of H auromicans comprise the bulk 
of the population Ahnost every sand-bar and sand-spit supports 
many individuals of this species at that tunc of the yi ar kis the 
HeaM>n progresses, the adults oviposit and gradually die off Near 
the end of the summer the only adults that remain of this species 
are thost that have recently emerged and that li\e in the oldeir 
sand-bars and sand-spits around the beach These stay where they 
emerged until the following spring The larva* of this spec us are 
especially numerous from about the middle or the last of August 
until pupation, which occurs from the middle of ptember on un- 
til late fall 

The adults of ti confumm are slightly more numerous in the 
fall than m the spring The reason /oi the larger number m the 
fall IS explaim d by the fact that the adults of the older gc neration 
do not die off until late ui the season Thos** individuals that havt 
deposited their eggs continue their burrowing activities all through 
the summer period on into the fall, so that when the new generation 
comes on they still exist The larvae of this species are not pro- 
duced in such great numbers as those of the species just discussed 
They are found in collections taken m the latter part of July until 
the last part of August By this time most of them have pupated 
Pupae are often taken m collections as late as the first part of Septem- 
ber, after which time most of the adults have emerged 

The adults of B coiifusum are the most active of the burrowing 
species In the daytime they occur on the surface of sand-bars and 
sand-spits, actively feeding or running on the mowt sand A few 
individuals occupy the burrows throughout part of the day, which 
makes them less obvious Their habits undoubtedly aid in causing 
this species to appear more numerous than some of the others 

Adults of H tesseUatum resemble those just discussed in seasonal 
distribution The spring and summer is a time of low population 
Only those adults which have overwintered are present The in- 
cidence at death dunng the winter season is higher in this species 
than in any other, so that the number of adults is not large The 
eggs are laid about the middle of the summer season, slightly before 
those of the other species The larvae, being the largest of this 
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burrowing group, are taken more often m collections Not only are 
they collected more frequently, but their burrows appear much more 
commonly on the beach The larvae pupate earher than most of 
the other species on the inner beach and, since their period of pupal 
life 18 about the same as that of other species present, the new gen- 
eration of adults appears early As in the species just described, 
adults appear in greatest number late in the summer or early m 
the fall It happens that the peak in the number of adults occurs 
at the time described above, and when no other burrowing species 
are present m significant numbers 

Adults of this species are constant m their time of maximum 
appearance, as has been shown during four seasons of study This 
maximum number also shows that the life cycle is slightly more 
than a year In length Most of the adults live a complete year 
They are the largest of the true burrowers 

The adults of H amencanum are never so common as those of 
the species just described, although they may be collected in greater 
numbers m early spring Those that have overwmtered in the sand- 
bars and sand-spits compiiso the largest groups The females 
deposit their eggs near the middle of August At most times the 
larvae appear in the early fall, they pupate when the season is 
farther along 

The life history of D tphaencoUxi does not differ greatly from 
that of the species just described It is noted that the adults are 
commoner m the spring than are those mentioned above, although 
they are doubtless more numerous at all times In the early fall 
the adults begin to die, so that collections at that time show a 
marked decrease, which is more obvious than in any other species 
The larvae and the pupae were never numerous in ooiiectlons from 
any lake 

HABITS 

Food 

As already mentkmed, the plankton materials commg mto the 
inner beach make up the food for the burrowing insects It is m- 
terestmg to note that the various species beetles in this amphib- 
ious group have different food habits As the plankton is made 
up of sodplankton and phytoplankton, great diversity in kinds of 
food may occur The lud>it8 of seleeticm of food will be described 
for each of the burrowing species 
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The larvae and the adults of H auromteans have practically the 
same food habits The phytoplankton, which compnses a rather 
large proportion of the plankton crop m Douglas Lake, is used for 
food The wat«r content in the sand-bars and sand-spits is suffi- 
cient to maintain both single-celled and colomal algae On numer- 
ous occasions the writer has observed adults of this species feeding 
on Gloeotrtchta and, at times, on the simpler blue-green algae, such 
as Gloeocapsa and Mensmopedta Dissection of the stomach with 
Its contents has never revealed any sort of zooplankton, nor has 
this species been observed feeding on animal life of any descnption 
B confuaumt in the adult stage, feeds on zooplankton, or on some 
of the smaller visiting beetles Most of the plankton forms serving 
as food are Rotifera, Copepoda, and Cladooera A few Copepoda 
recovered from the stomachs of this species were of the kind also 
found m the sand of the beach, although never in plankton collec- 
tions from the lake This beetle has been observed feeding on its 
own members, but such cannibalism has been mostly restneted to the 
rearuig cag;e8, where sufficient food of other sorts was not furnished 
The food habits of the larvae of this 8i)ecies are not especially 
different from those of the adults If possible, the younger larval 
mstars prey on the smaller plankters When the plankters are al- 
most as large as the predators, an mterestlng struggle sometimes 
ensues, in which the larva is generally victorious 

The adults and the larvae of H tessellatum are probably the 
least selective of any species of this assemblage They are qmte 
predaceous The largest Crustacea and Algae serve as food for the 
adults The daily consumption is most astounding when one con- 
siders the size of the animal doing the feeding They get the plank- 
tonts that are in the sand or they may migrate down to the edge 
of the water and pick up those that have been washed in They 
have been maintained for a long time on Algae, and they have been 
kept alive on animals for just as long a penod without any appar- 
ent detriment As in the species previously described, they are 
cannibattsUo if the necessity arises Individuals which have re- 
cently emerged are much more exposed to capture 

H amerteanum, in the adult stage, fee^ on the sodplankton 
more than do the larvae The adults, as shown by dissectioh and 
observation, do not generally feed on the phytoplankton, although 
they may in ease of want llie larvae, on the other hand, resemble 
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those of the species just described in being unselective in their diet 
Almost any living thing found m the plankton material is eat^n 
Not infrequently cannibalism is practiced where they are brought 
in close proximity The older larval mstara do feed on members 
of their own siae, but the tendency is to feed on the younger ones 
In like manner the adults prey on other beetles that are on th< 
beach These are not often memlxrs of their own species, but 
generally they are some of the smaller visiting forms Cannibalism 
has been observed but rarely in nature 

D sphaencoUts is the only species of this group that is truly om- 
mvorous Living plankton, or almost any organic remains, is eaten 
freely This species commonly feeds upon the surface ddbns of the 
inner beach UnUke most of the other species, it is not generally 
found feedmg on the materials that are in the sand of its burrow 
Its burrows are apparently used only as a housing place, but never 
so much so as those of the other species The larvae are not car- 
nivorous, they feed only on plankton materials This peculiar type 
of feeding is especially mterestmg, since it Involves a habit unique 
m this association 

Very closely associated with this group is a staphylinid, Ble- 
dtuB sp , which doubtless aids in completing the work that has been 
started by the other species, i o this form is almost entirely a car*- 
non feeder and serves to clean up the sand materials of organic 
remains , 


Breeding 

The breeding habits of the various species of this group have 
been observed numerous times Some rather distinct peculiarities 
have been seen which are uncommon to those species that do not 
burrow and which have doubtless developed along with the burrow- 
ing habit These do not normally occur in all the species, but they 
will be described briefly for those insects that show them 

B confutnim, at most tunes, breeds on the open beach, carrying 
on the mating activities in a manner typical of active carabids 
The males may mate with aa many as twenty females in a short 
interval of time Apparently, they do not often perform the mat- 
ing activities in the burrows, althpugh such mating has been found 
a very few times 

H auromteans differs slightly in its breedmg habits from the 
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specjefl just described Most of the mating occurs dunng the night 
and may take place in the burrow or on the surface of the beach 
Individuals of this species are never overly active, most motions 
are accompanied by a certain amount of awkwardness The males 
have not been observed to mate with more than one female, even 
m a long interval Since these beetles are prone to carry on most 
of their general activities at night, bre< dmg is a nocturnal perform- 
ance The fossonal prothoracic legs are of use to the male in grasping 
the female, although there arc no other special morphological adapta- 
tions The males possess stndulating ndges along the ventral side 
the first abdominal segments, which they use on various occasions 
Stndulations are made in flight or while the males are on the surface 
of the beach 

H temeUatum and H amencanum have about the same sort of 
breedmg habits These beetles are quite shy, enough so that mat- 
ing has been ob8er\ed only a few times There are no special mor- 
phological adaptations for this behaviorj The prothoracic legs of 
the male are used for grasping the female, encircling the prothoracic 
portions The mating, so far as observed, always occurs in the 
burrows that have been made by the adults It takes place at night 
or just shortly after sunset Since the burrows of this species are 
occupied by a smglo individual, the male generally migrates to the 
burrow of the female dunng the mating season Shortly after mating 
the male returns to his old burrow or constructs a new one This 
account applies to individuals of both species It happens that H 
tessellatum la the shier of the two, and although the individuals of 
this species are much more prevalent than those of H ammeanum, 
few records of mating are at hand 

D sphaeneoUtB does not resemble many of the other carabids 
in Its breeding habits It carries on most of its actlvitii*s at night, 
usually in the burrows The prothoracic legs of the male of this 
species, which are fossonal, prove useful in mating Since only one 
individual of this species Uves in a single burrow, one of the sexes 
is required to migrate Observations show that either the male or 
the female will go from its own burrow to the burrow of the other 

Egg-faytng 

All individuals in this group, with the exception of H auromt- 
canSf use saod in ccmstructing protective capsules for the eggs Ovi- 
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position occurs mainly during the night or just after sunset It was 
observed both in rearing chambers and m nature 

H auromtcana deposits several eggs at one time, which remain 
together The bottom of the burrow is usually Imed with excreta, 
on which the eggs are placed After the eggs have become embedded 
m this mat of excreta, they are apparently safe from destruction 
The visitmg forms rarely if ever eat the eggs, even though they come 
into contact with them The cluster contains from ten to thirty 
eggs and resembles a bunch of grapes Tbese eggs are collected 
very easily because they float on the surface of the water, they are 
the only eggs of all the burrowmg species that do 

The other members of this group differ from the species just de- 
scribed in the manner m which they place their eggs In every 
instance there is, surrounding the individual egg, a protective capsule 
of sand that is formed in a very clever manner The egg, when 
it is thrust out by the female, Is covered with a layer of mucilage- 
liko material When this sticky surface touches the sand, a number 
of grains adhere to it The female keeps her ovipositor m contact 
with the surface of the egg as it is thrust out, so that there is no 
mucilage-Uke material at that place They remain m contact until 
the material on the outer surfaces of the egg has dried and a com- 
plete capsule Is formed At this time the ovipositor is drawn in 
and the egg remains where it was placed, with a complete covenng 
of sand, except for the point of attachment of the ovipoutor 

B confumm exercises no choice in the distribution of its eggs 
If the females are on the surface of the sand during the egg-laymg 
time, the eggs are placed there and at random If, on the other, 
hand, they are in their simple shallow burrows, the eggs are depos- 
ited in the bottom H ie$8eUatum and H amencanum are a little 
more selective in the manner in which the eggs are placed The 
eggs are deposited at the time of maximum activity of the adults, 
so that it Is not to be expected that Uie egg will always be laid in 
the burrows It is very ^flicult to distinguish between the eggs of 
these two species The egg-laying habits seem to be almost iden- 
tical 

The eggs of D BphamcoU%$ are the smallest of all that have a 
protective sand capsule around them* Most females are m the bur- 
rows during egg4aying time However^ they may idace eggs in dif- 
ferent sorts of d4bm or detritus on the edge of the inner beach or 
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they may oviposit on the surface of the inner beach m proximity 
to the region of their burrows 

Life-Histoky Stages 

Heterocerus auromtcans (PI LXIII, Fig 1) 

Egg 

Length, with transparent cover, 0 63-0 69 mm Width, with 
cover, 0 4^ 53 mm Egg length, 0 60-<> 67 mm , width, 0 38-0 43 
mm Dimensions varying with development Eggs m groups of 
10^0 Egg covered separately with transparent tough membrane, 
surface coarsely reticulate, slightly oval to spheroidal, one end 
slightly pomted, opposite end rounded to oval, micropyle apparent, 
on pointed end Color whitish gray, becoming yellow as egg matures 

Larval Instara 

Length of each larval mstar 5-9 days (Measurements of length 
and head capsule made on preserved matenals ) First mstar width 
of head capsule, 0 32-0 34 mm , length, 1 1 -I 5 mm Second m- 
star width of head capsule, 0 41-0 46 mm , length, 2 0-2 5 mm 
Third mstar width of head capsule, 0 53-0 68 mm , length, 3 9- 
4 6 mm Fourth Instar width of head capsule, 0 66-0 74 mm , 
lengUi, 6 0-7 0 mm 

Morphological characteristics similar for all larval mstars, with 
the exception of head capsule and length The description of the 
fifth instar will serve for any of the larval instars 

Fifth Instar (PI LXHI, Fig 1) 

Length of body, 10*^12 2 mm , average, 10 8 mm Width of 
head capsule, 1-1 6, average, 1 3 mm Width of prothorax, 1 4- 
1 8 mm , average, 1 6 mm Length of head and thorax slightly 
more than one third of enim body length. Shape of head, fattened, 
convex dorsally , thorax compressed, ventral suiface flattened, raised 
doraally, abdomen distinctly rounded, subcylindrioal, becoming more 
nearly cylindrical and tapering posteriorly from thorax. Color <rf 
bp^ Inrown to yellow, bead darker, becoming lighter poste- 
riorly 

Head subrectangular, elypeus small, labmm projeclhig aa reg- 
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ular rectangular plate, mandibles simple, not dentate, maxdlae 
simple, cardo small, palpus almost invisible, labium enlarged, oover- 
mg large portion between genae, mentura small, antennae very 
small, scape very small, flagellum composed of three small seg- 
ments Otelli dorsal and lateral, five in number, one ventral, lateral 
to labium Dorsal surface of head dark to light brown, Y-shaped 
epicranial suture, no median suture Ventral side of head dark 
anteriorly and laterally , median {xirtion light 

Prothorax subquadrate, angles absent, dorsal plabs subtrun- 
cate both anteriorly and posteriorly, lateral portions rounded En- 
tire margms pubescent, sparse in anterior region, dense in postenor 
Lateral parts with coarser pubescence, primary setae present in 
anterior part, thret apparent, one prominent m posterior, more re- 
moved from edge Median suture present, connecting with Y-shaped 
epicranial suture antenorad, recognized by its light coloration An- 
tenor two thirds dark, including complete margins, posterior one 
third light, suture mverted-pyramidal, very faint, median and dor- 
sal 

Mesothorax subquadrate, postenor lateral margms forming ob- 
tuse angles Distmct intersegmental line, sometimes appearmg 
double Dorsal plates slightly rounded m anterior part, truncate m 
postenor, lateral margin rounded, not extending to margm of body, 
sclentes well removed from intersegmental lines m both anterior 
and posterior Entire surface of plates pubescent, more apparent 
near median suture and postenor margm, sparse m lateral parts 
Pnmary setae scattered, anterolateral placement of three in group, 
four pronunent on anterior part of each dorsal plate, three in pos- 
terolateral parts of each, two m posteromedian portions, and van- 
able numbers found on margins of body Mesothorax yellow, 
pubescence dark, primary setae black Two dark markmgs on each 
dorsal plate, one circular, placed anteromedian , the other oblong, 
larger, and median 

Metathorax subquadrate, angles absent, sides distmctly rounded 
Distinct intersegmental line, posterior one double Dorsal plates 
shghtly curved at anterior end, less curved posteriorad, curved 
and rounded latera, closely following contour of body, not extend- 
ing to margms, removed in both antenor and posterior from inter- 
segmental Imes Pubescence slight, present mostly along median 
suture, only on plates Primary setae unevenly scattered, four 
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on anteromedian |>ortions, four to five anterolat-<ral, four across 
posterior margin of plate , variable numl^er on lateral margin outside 
plates, number not always constant, small setae not considered 
Color of metathorax yellow, pubescence brown, setae black Two 
dark spots on each dorsal plate, one cinular, placed anteromedian, 
the other subquadraU*, large, placed median 

Ventral aspect of thorax simple, large portion of each segment 
occupied by origin of coxae 

Prothoracic coxae wide, procoxacava circular, length and width 
about equal, shape conical, tapermg dmtad, pubescent Trochanter 
small Femur twice as long as wide, pubescent, diameter about con- 
stant, cylindrical Tibia about three timts longer than wide, pubes- 
cence at proximal tnd, tapenng toward distal portion, outer portion 
with thne obvious spines, inner portion with three longer and more 
pointed spines, tarsus suhcyhndncal, not pubescent, four times 
longer than wide, tapermg distally, om prominent spine on out- 
side, inside, concave, excavated near tip ^ Leg fossonal 

Meso- and metathoracic legs, similar , ♦pubescence variable , fem- 
ora more flattened , less fossonal 

Dorsal aspect of nine abdominal segments similar, tapenng pos- 
teriorly, number and arrangement of dorsal plates variable, first 
four subrectangular, fifth concavo-convex, sixth rectangular, sev- 
enth and eighth subquadrate, ninth flattened anteriorly, rounded 
posteriorly, tenth not visible, no posterior projections, number 
and position of pnmary setae variabh , general appearance pubes- 
cent, dorsal plates light to dark brown, intersegmcntal regions 
light yellow to white, setae black 

Ventral aspect sunple , first six segments with chituuaed plates, 
pubescent, last three without plates, pubescent, tenth segment 
turned under 

Spiracles on meso thorax and first eight abdominal segments 
Pupa (PI LXIV, Fig 26) 

Typical exarate pupa Total length, 5 8^ 4 ram , average, 6 0 
mm Width including wings (not expanded), 2 8-8 3 mm , av^crage, 
3 0 mm (Measurements made on preserved materials) 'Btsidy 
color light cream to yellow Eyes reddish brown, ocelli not apparent 
Setae of varying length and site on surface of pronbtum and ab- 
domen Pubescence heavy, distmet, coarse Head with mouth parts 
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formed, resembling those of adult, entire head turned under pro- 
notum, not visible from above Pronotum most apparent struc* 
ture on dorsal surface Abdomen with seven segments Pro- and 
mesothoracic legs distmctly folded on ventral side of thorax, bend 
at femOTOtibial jomt Metathoracic legs straijdit, projecting beyond 
metathoracic wmg pads Length of pupal stage 5-10 days 

Bembtdton confiLSum (PI LXIII, Fig 6) 

Egg 

Length of egg, with sand capsule, 1 76-2 00 mm Width, with 
sand capsule, 1 43-1 66 nun X^eng^h, without sand capsule, 0 78~ 
0 82 mm , width, 0 50-0 62 mm Dimensions with sand capsule 
sometimes more variable 

Eggs occurring smgly, each covered with sand capsule, capsule 
openmg on one side, number of sand grains variable Chonon 
transparent, surface finely pitted, under part reticulate, oblong, 
elongately oval, one end slightly pointed, opposite end distmctly 
rounded Micropyle variable in appearance, on pomted end of egg 
Color creamy to dark yellow, changing to buff when mature Two 
brownish groups of ooelh showing through chorion immediat^y 
before hatchmg 

Larval Instars 

Length of each larval instar 5-9 days (Mei^jkiri^ents made on 
preserved materials ) First instar width of head capsule, 0 40-0 46 
mm , length, 3 2-4 8 mm Second instar width of head capsule, 
0 54^) 57 nun , length, 5 2-6 0 mm Third instar width of head 
capsule, 0 65^ 71 mm , length, 6 4-7 2 mm Fourth instar width 
of head capsule, 0 82-0 90 mm , length, 8 6-9 8 mm 

Morphological characteristics similar m all larval instars, with 
exception of head capsule and length The following description of 
the ^th instar larva is ^plicable to all 

Fifth Instw (PI LXIV, Fig 5) 

Length of body, 109-120 mm , average, 11 3 mm Width of 
bead capsule, 10-13 mm , average, 1 2 nun Width of prothorax, 
1 1-1 4 mm , average, 1 3 mm Length oi head and thorax idigbtly 
tacm than one third of entiie body length Head subtriangidar, 
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rounded on dorsal, flattened on ventral side Tliorax rounded on 
dorsal, {»rothorax equal in length to meso- and metathorax, flattened 
on ventral Abdomen subcylindrical, slightly compressed dorsoven- 
trad, tapering postenorad from fifth abdominal segment Color 
light brown to very light yellow, dorsal plates much darker 

Head subtrlangular, clypeus small, labrum tnangular, not ex- 
tended, mandibles curved, falcate, retinaculum on inner edge near 
middle, maxillae large, cardo cyllndncal, gtipes medium, galea 
small, palpus oylmdncal, four-segmented, promentum with setacj 
mentum distinct, ligulae and paraglossae apparent, labial palpus^ 
with three distinct segments, antennae longer than mandibles, scape 
distinct, flagellum four-segmented Ocelli six, lateral, near antennal 
base Mandibles lateral and posterior, parts of head dark, rest 
of head light brown to yellow Y-shaped epicranial suture Ventral 
side of head simple, gula large, entire surface yellow 

Prothorax subrectangular, elongate, subcylmdrical, compressed 
on ventral side, dorsal plates covering slightly over one half of pro- 
thoracic surface, truncate on anterior* end, anterolateral angles 
acute, margins sUghtly rounded, posterior edges rounded, mar- 
gins of plates removed from those of body Primary setae small, 
five across anterior edge of plates, four across posterior border, 
sparse on lateral edges, variable number on body margins Median 
suture connecting with Y-shaped epicranial suture, li^t-colored 
Median portions of plates dark, remainder hght 

Mesothorax subquadrate, slightly wider than long, one half as 
long as prothorax Intersegmental lines double Dorsal plates 
covering most of surface, subtruncate at both anterior and posterior 
ends, removed from lateral margins, lateral edges of plates slightly 
rounded Primary setae small, numerous, Ime across anterior edge 
composed of seven on each plate, five in transverse line through 
median region, four across posterior edge Sparse pubescence on 
margin outside plates Dark markings near median region of each 
plate, lightly oblong, oonoavo-convex, remainder of plates light 
brown, portions outsit yellow Light median suture very apparent 
Metatborax subquadrate, about as wide as long Distinct inter- 
segmentai lines double One half as long as prothorax, tlorsal 
plates covering most of surface, slightly curved or rounded, removed 
horn margin of body, posterior edge truncate Primary setae small, 
nunfiaous, unevenly scattered, generally five setae on anterior mar- 
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gin of each plate, three near median portions, eight across pos- 
tenor edge of each plate, smaller setae vanable Regions outside 
plates possesamg few if any setae or little pubescence Dark mark- 
ings covenng small area of each plate, about half as long as width 
of plate, oblong, concavo-convex, remamder of plate dark yellow, 
region outside plate light yellow Light median suture very dis- 
tinct 

Ventral surface of thorax plain, region occupied by coxae 

Prothoracic leg coxae wide, procoxacava circular, short, coni- 
cal, tapering distad, trochanter small, not much more than simple 
ring, fimur longer than wide, cyhndncal, three sharp, distinct 
spines on inside, tibia longer than wide, flattened on inside, slightly 
grooved, distal end dilated , nng of sharp, distinct spmes, seven in 
number, tarsus three-segmented, first slightly longer than wide, 
flattened on inside, distal nng of spines five in number, second seg- 
ment conical, tapering distad, fattened on inside, two spines on 
outside, proximal one large, distal small, third segment, eonieal 
claw, tapenng on distal end to point 

Meso- and metathoracic legs similar 

Dorsal aspect of eight abdominal segments similar, each wider 
than long, arrangement of dorsal plates vanable, each successive 
plate from first to eighth segment longer, markings on plate, 
first set with two oblong, concavo-convex markings, of follow- 
ing seven with two oblong and two circular mai^figs Each seg- 
ment with lateromedian protuberances, each protuberance with 
primary setae, varying from three to five Number of primary setae 
on plates vanable, none on other regions of segments Color of 
distinct markings dark, plates light brown, remaining portions light 
yellow to white Ninth segment small, two caudal appendages, 
about twice as long as dorsal portion of segment, appendages 
slightly curved, cylindncal, three primary setae on outside, one 
apical Tenth segment small, developed as pygopod 
Ventral aspect of abdomen plain, pubescent 
Spiracles on laterodorsal portions of first eight abdominal seg- 
ments, not apparent on thorax 

Pupa (PI LXiV, Fig 28) 

Typical exarate pupa Total length, 5 2-6 0 mm , average, 5 5 
mm Width including wmgs (not expanded), 2 6*3 4 mm , average, 
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3 0 mm (Measurements made on preserved matenals ) Body 
color white to hght cream Eyes distmctly reddish brown Setae 
sparse, few on thorax and abdomen Pubescence sparse, fine En- 
tire mouth parts formed as in adult, head depressed forward, to- 
ward ventral side of thorax Pronotum wide, distinct, largest 
segment of body Abdomen with nine segments Pro- and meso- 
thoracic legs folded on ventral side of thorax, fold at femorotibial 
jomt Metathoracic legs almost straight, reaching posterior end of 
abdomen Length of pupal stage 5~10 days 

Dyschmus aphaencollta (PI LXIII, Fig 10) 

Length of egg, with sand tapsule, 1 4-1 6 mm , width, 1 23-1 33 
mm Egg length, 0 76-0 77 mm , width, 0 46-0 49 mm Meas- 
urements with capsule sometimes more variable Eggs occur singly, 
each with sand capsule, opemng on side or end, number and size 
of grains variable, often small to medium Chonon very trans- 
parent, surface smooth, lower layer coarsely reticulate, reticulum 
areas octagonal to circular Shape oval and ellipsoidal, one end 
slightly rounded, opposite partly pointed Micropyle m center of 
pointed end, not protruding Color light cream to white, always 
lightest of group having sand capsules Two reddish brown groups 
of ocelli showing through chonon as egg nears tune of hatching 

Larval Instars 

Length of larval instars, 6-9 days (Measurements made on pre- 
served matenals ) First instar width of head capsule, 0 19-0 22 
mm , length, 1 9-2 6 mm Second instar width of head capsule, 
0 26-^ 30 mm , length, 2 8-3 2 mm Third mstar width of head 
capsule, 0 32-0 36 mm , length, 3 6-4 0 nun t'ourth instar width 
of head capsule, 0 42-0 47 mm , length, 4 8-5 8 mm 

Morphological duuracteristics simiW m all larval instars with 
exception of head capsule and length The description of the fifth 
instar larva is applicable to all 

Fifth Instar (PI LXIII, Pig 9) 

Length of body, 6 7-*7 2 mm , average, 7 0 mm Width of head 
capsule, 0 66-0 70 mm , average, 0 68 mm Width of prothorax, 
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0 78-0 80 mm , average, 0 79 mm Length of head and thorax 
about one third of entire body length Head flattened, slightly con- 
vex on dorsal side, thorax rounded, pro thorax longest segment, 
abdomen cyhndncal, tapering posteriorad from sixth segment Color 
dark, with exception of mtersegmental region 

Head subrectangular, clypeus wide, not large, labrum wide, 
pomtcd on an tenor end, small, mandibles curved, falcate, reti- 
naculum on mner edge near middle, maxillae apparent, cardo not 
large, stipes, subgulae, palpifer fused, palpus cylindrical, four-seg- 
mented, galea small, two-segmented, prementum with setae, men- 
tum slightly elongate, distinct, lingulae obvious, labial palpus with 
three apparent segments, antennae not quite so long as mandibles, 
scape round, distinct, flagellum four-s^mented Ocelh six, lateral, 
color almost uniform, light brown Y-shaped epicranial suture 
Ventral side of head light, plam, gula narrow, genae almost flat 
Prothorax elongate, suboylmdncal, slightly wider m posterior por- 
tion, entire dorsal surface heavily chitimzed, plates covenng en- 
tire surface area Primary setae absent, pubescence slight, only on 
margm, veiy fine Median suture connecting with Y-shaped epi- 
cranial suture All parts black, with exception of median suture 
Mesothorax subquadrate, wider than long Intersegmental Ime 
single m anterior, double in posterior Dorsal plates covering en- 
tire surface Primary setae absent, sparse, fine, pubescence on mar- 
gins of segment Entire surface dark, umfon% except median 
suture 

Metathorax subquadrate, distinctly wider than long Interseg- 
mental lines double Dorsal plates covenng entire surface except 
extreme posterior portion I^imary setae absent, pubescence ex- 
tremely sparse, fine, only on margi^ Color dark, with exception 
of posterior margin of segment and median suture, lx>th lighter 
Proihoracio leg coxae slightly protruding, piocoxacava circu- 
lar, short, trochanter not so wide as coxa or femur, femur slightiy 
wider than long, conical, tapermg at distal end, composed of two 
lateral parts, equal in width, three primary setae on outer side, 
tibia al^ut four tunes longer than wide, composed of two parts, 
proximal one half as long as distal, cylindrical, two to six primary 
setae on outer side , tarsus thioeHBOginented, first, cyUndrical, about 
four tunes longer thfiq wide, primary setae variable, generally two 
on outside, three on Inside, second segment about five times longer 
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than wide, cylmdncal, third segment, conical claw, tapering on 
distal end to point 

Meso- and metathoracic legs similar 

Dorsal aspect of seven abdommai segments similar, arrange- 
ment of dorsal plates similar, each with plates extending completely 
to antenor portion of segment, edges truncate, sliglitly short at 
posterior end, margms of plates rounded, not extending to margm 
of body, successive segments about same size from first through 
sixth, seventh slightly smaller, eighth smaller, dorsal plates cover- 
ing complete surface, nmth segment conical, tapenng distal, plates 
complete, urogomphi small, shorter than tenth segment, tenth seg- 
ment small, corneal, pointed Pubescence slight, mostly on body mar- 
gins Color dark, except in intersegmental region and body margins 
Ventral aspect of abdomen flat, one large oval plate near an- 
terior part of each of first eight segments, five longitudinal plates, 
two outer, extending length of segment, two lateral, to middle 
plate, slightly shorter, middle plate shortest, m posterior part 
Ventral aspect of ninth and tenth segments plain 

Spiracles visible on laterodorsal portions of first eight abdommai 
segments 

Pupa (PI LXIV, Fig 26) 

T 3 n?>cal exarate pupa Tot^ length, 5 0-6 4 mm , average, 6 0 
Widtii moludmg wings (not expanded), 1 8-2 5 mm > average, 2 2 
mm (Measurements made on preserved matenals) Color of 
body cream to dull yellow Eyes a reddish brown coior Setae of 
varying length and size, sparsely scattered on dorsal surface of tho- 
rax and abdomen Pub^cence very fine, slightly visible Head 
with mouth parts resembling those cd adult, whole structure bend- 
ing forward Pronotum large, most apparent structure on dorsal 
Surface Abdomen with nine segments Pro- and mesothoracic legs 
folded on ventral side of thorax, fold at femorotibial 3 omt Meta- 
thoraoio legs straight, reaching posterior end of abdomen Length 
of pupal stage ^10 days 

Homophron tessellaiutn (PI LXIII, Fig 14) 

Lelt^Cth of egg, with emd capsule, 2 06-2 33 mm , width, 1 73- 
2 06 mm* Egg 1 16-1 10 mm , width, 0 72^ 76 mm Di- 
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mensions with capsule sometimes more variable Eggs occur singly, 
each with sand capsule, opemng on side Sand grains vanable m 
numl>er and size, generally coarse Chorion partly transparent, sur- 
face irregular, slightly rough, lower layer densely reticulate, reticu- 
lum areas irregular to circular Shape elliptical, slightly elongate, 
ends rounded, very similar Micropyle not apparent Color tan to 
dark buff Two reddish brown groups of ocelli appeanng through 
chonon near hatching time 


Jjarval Instars 

Length of each larval instar 5-9 days (Measurements made on 
preserved materials ) First mstar width of head capsule, 0 26- 

0 80 mm , length, 1 0-'3 8 mm Second instar width of head cap- 
sule, 0 39-0 42 min , length, 2 5-6 0 mm Third instar width of 
head capsule, 0 60-0 63 mm , length, 3 7-7 8 mm Fourth mstar 
width of head capsule, 0 92-0 95 mm , length, 5 0 10 mm 

Morphological charactensiics similar m all larval mstars with ex- 
ception of head capsule and length The descnption of the fifth 
instar larva may be ap{>lied to all Length of entire body extremely 
vanable Number and placement of setae slightly vanable 

Fifth Instar (PI LXIII, Fig 13) 

Length of body, 12 4-13 2 mm , average, 12 8 mm Width of 
head capsule, 11-14 mm , average, 1 2 mm Width of prothorax, 

1 7-2 0 mm , average, 1 8 mm Length of head and thorax one 
third of length of entire body Head subrectangular, slightly rounded 
on dorsal Thorax rounded dorsally, prothorax about equal to meso- 
and metathorax in length Abdomen slightly compressed dorsoven- 
trally, tapenng from third abdommal segment posterioHy to end 
Color hght brown to light yellow, dorsal plates darker than other 
parts 

Head subrectangular, olypeus small, emarginate, labrum small, 
triangular, pomted on antenor end, mandibles, large, curved, fal- 
cate, retinaculum on inner edge near middle, bicuspidate maxillae 
rather large, cardo medium, stipes, subgalea, palpifer fused, palpus 
cylindrical, four-segmented, tapering to point distally, galea two- 
segmented, tapering to point distally, lacinae apparent, prementum 
With setae, mentum distinct, ligulae membranous, labial palpus 
with three distinct segments, tapering distally Antennae idightly 
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longer than mandibles, scape round, distinct, flagellum four-seg- 
mented, third of same length as both first and second Ocelli six, 
lateral Color, dark band near posterior part of head, remainder 
light brown to yellow Y-shaped epicranial suture Ventral side 
of head plain 

Prothorax narrow at anterior end, widened at posterior, width 
about equal to length of segment, dorsal surface with plates com- 
plete, except at posterior end, distinctly rounded at anterior end, 
subtruneate posteriorly, slightly rounded on lateral edges Primary 
setae absent on dorsal surface of plates, sparse on lateral portions 
of segment, puhescenee distinct and large on margins Median su- 
ture, connecting with Y-shaped epicranial suture Distinct trans- 
verse marking in median portion, concavo-eonvex Anterior edge 
of segment bordered with longitudinal dark markings, postero- 
median part dark, remamder light brown to yellow 

Mesothorax subrectangular, wider than long Intersegmcntal 
lines single Dorsal plates covenng about half of segment surface, 
truncate ui ontenor portions, angles rounded, posterior margin 
truncate, distinctly rounded at margin, lateral parts distinctly 
rounded Primary setae numerous, of variable 8i*e, large setae, 
two on each plate, extreme anterior end, four across each anterior 
margin just posterior to edge, four across posterior border, extending 
slightly on lateral, variable number on body margins, pubescence 
extensive, very fine, slightly visible Color, dorsal plates light brown, 
remainder of body light yellow Median suture light, distmct 

Metathorax subrectangular, distinctly wider than long Interseg- 
mental lines smgle Dorsal plates extending over most of surface 
longitudinally, distinctly removed from margins of segment An- 
tenor margm of plates subtruncate, posterior margins tummg m 
at center, entire margins curved, rounded on lateral Pnmary se- 
tae numerous, variable, distinct setae, seven across an tenor margin 
of each, one anteromedial m each, two posterolateral, six across 
each posterior margin Only very apparent setae counted Pubes- 
cence present on edges of dorsal plates, very fine, especially on body 
margins Dark transverse line across dorsal plate, not complete, in 
anterior portion Median suture apparent Color of dorsal plate, 
except the dark line, a U^t brown, remainder of segment yellow 

Ventral aspect of thorax simple, large portion of each segment 
taken up by coxal space 
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Prothoraoic leg coxa wide, procoxacava oval, wider than long, 
short, trochanter, equal m diameter to coxa, very short Femur 
about as long as width of base, comcal, tapenng distad, base with 
long pubescence, five pnmary setae on outer side Tibia cylmdri- 
cal, three tunes longer than wide, shghtly enlarged distaliy, six 
large spines on sides, largest on distal part, diminishing proximally 
Tarsus thr6e*«egmented, first segment as long as width of distal por- 
tion, ring of seven spines around distal enlargement, second seg- 
ment one fourth longer than wide, cylmdncal, distal nng of sa 
Bpmes aaround slightly enlarged portion, third segment much longer 
than wide, comcal, tapenng distaliy, two claws 

Meso- and metathoracio legs similar Some slight modification 
and rearrangement of spines 

Dorsal aspect of nine abdomuial segments similar, all wider than 
long except the eighth, which is subquadrate Arrangement and 
shape of dorsal plates vanable first subrectangular, second sub- 
ovate, third subtnangular, fourth subtriangular, fifth subpyramidal, 
sixth subpyramidal, seventh and eighth subquadrate, and nmth sub- 
ovate All plates removed from Ixxly margins, transparent layer 
on outside of body margins Each segment with mediolateral pro- 
tuberances, each protuberance with primary setae, four to five 
Number of primary setae on dorsal plates variable, none in other 
regions, absent on plates in eighth and nmth segments Color of 
dorsal plates light brown, body color yellow, transparent margin 
almost clear Ninth segment small, two caudal appendages (urogom- 
phi) slightly more than twice length of segment proper Urogomphi 
cylindrical, slightly tapering distaliy, pnmary setae numerous, about 
fourteen present Tenth segment developed as pygopod 

Ventral aspect of abdomen plain, except double patches of pri- 
mary setae on each segment Setae very small 

Spiracles on dorsolateral portions of first eight abdominal seg- 
ments 


Pupa (PI LXIV, Fig 23) 

lypieal exarate pupa Total length, 6 6-S 4 mm , average, 7 6 
mm Width includi^ wmgs (not expanded), S 2-4 0 mm , averagCi 
3 6 mm. (Measurements talmn feom preserved materials ) Color 
of body white to light cream Eyes a reddish brown odor Setae 
absent on dorsal surface of thorax, present on dorsal surface of ab« 
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domen^ two groups on each side of median line Pubescence not 
evident Head with mouth parts resembling those of adult, head 
turned under prothorax Pronotum large Abdomen with nme seg- 
ments Pro- and mesothoracic legs folded on ventral side of thorax 
fold at femorotlbial jomt Metathoracic legs almost straight, some- 
times extenchng beyond posterior end of abdomen Length of pu- 
pal stage 5-10 days 

Homophron amencanum 
Larval Instars 

Length of each larval instar 5^-9 days (Measurements made on 
preserved materials) First mstar width of head capsule, 0 22- 
0 28 mm , length, 1 0-3 0 mm Second mstar width of head cap- 
sule, 0 37-0 41 mm , length, 2 0-5 0 mm Third mstar width of 
head capsule, 0 62-0 59 mm , length, 3 0-6 2 mm Fourth mstar 
width of head capsule, 0 86-0 90 mm , length, 5 8-9 2 mm 

Morphological oharaoteristics aun^r m all larval instars with 
exception of head capsule and length The foUowmg description 
of the fifth Instar larva may be applied to all Arrangements of 
setae differing shghtly in various instars 

Fifth Instar (PI LXIII, Fig 17) 

Width of head capsule, 1 1-1 3 mm , length, 7 8-12 5 mm Other 
measurements similar to those of H UsseUatum 

Head parts similar to those of H tessellalumf color darker, 
slight difference m arrangement of setae 

Prothorax similar to that of H tesseUatum Setae on surface of 
dorsal plates Color different, anterior margin black, remamder 
dark brown 

Mesothorax similar to that of H tessellatum Dorsal plates cov- 
ering more of segment Primary setae variable, about as nmnerous 
Color darker 

Metathorax similar to that of H tessellatum Dorsal plates cov- 
edng more of segment Primary setae variable, about as numerous 
Color darker 

Pro-, meso-, and metathoracic legs similar to those of species 
mentioned above Spines variable General proportions not differ- 
ing greatly Colmr daiker 

Abdominal segments similar in arrangement, number, and forma- 
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tioiif about Uie same as those of H tesadkUum Dorsal plates 
darker, with dark markings Primary setae numerous, distinct, ar- 
rangement slightly variable Color of segments, not including dor- 
sal plates, light brown Mediolatoral protuberances, with four to 
five prunary setae Urogomphi about the same as those in H 
seUatum 

Ventral aspect of abdominal segment simple, two rows of pri- 
mary setae very obvious 

Spiracles present on laterodorsal portion of first eight abdom- 
inal segments 

Pupa (PI LXIV, Fig 27) 

Typical exarate pupa Total length, 6 5-76 mm , average, 6 0 
mm Width mcluding the wings (not expanded), 2 8-3 6 mm , aver- 
age, 3 2 mm Other characters not differmg greatly from those 
described for H iesseUaixm 


Bledius sp 

Last Larval Instar (PI LXIII, Fig 20) 

Length of body, 3 7-4 0 mm , average, 3 9 mm Width of head 
capsule, 0 54-0 60 mm , average, 0 58 mm Width of prothorax, 
0 50-0 62 mm , average, 0 61 mm Length of head, with append- 
ages and thorax, almost half as long as entire body Head flattened, 
subcordate, attenuated posteriorly, thorax subeylindneal, each seg- 
ment slightly ^larged m mediolateral portions Abdomen subeylin- 
dneal, tapenng from sixth abdommal segment antenorly to first, 
last three tapenng postenorly Color light yellow on body, head 
and setae darker 

Head subcordate, clypeus small, labrum projecting, mandibles 
simple, about as long as antennae, straight, apical ends curved, 
inner surface denticulated, more at distal end of mandibles, maxil- 
lae simple, cardo small, stipes fused with palpifer, galea absent, 
palpus small, labium distinct, mentum small, antennae distmct, 
scape large, flagellum composed of four segments, ocelli six on each 
side of head Pubescence distinct Y-shaped epicranial suture, 
light coloration, remainder of head dark 

Prothorax subovate, anterior and posterior angles present, dor- 
sal plates covering most of surface, indentation medioantenor, re^ 
mamderof anterior margin distinctly curved, lateral margin rounded, 
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postenor margin dubtruncate Intersegmental lines double popten- 
orly Pnmary setae present, small, two on each plate anterome- 
dian, three at lateral anterior angles, one at posterior lateral angle 
Pubescence scarcely present, fine and sparse Mtdian suture just 
visible Color, plates dark yellow, remainder light 

Mcsothorax subquadrate, angles absent Intersegmental lines 
double anteriorly and posteriorly Dorsal plates prestnt, removed 
from body margms, indentation raedioantenor, remainder of mar- 
gin curved, lateral sides curved, postenor margin with median in- 
dentation, remainder slightly curved Pnmary setae very sparse, 
one large, median in each plate, one small anterolateral m each 
plate Lme of very small setae across jwsterior border of plates 
Pubescence absent Median suture slightly apparent Color light 
yellow, plates shghtly darker 

Metathorax subrectangular, angles absent Intersegmental lines 
double Dorsal plates present, covermg less area than m other two 
segments, anterior indentation medioantenor, nmainder of anterior 
margm shghtly curved, lateral margins almost straight, posterior 
margin with rather deep mediopostenor indentation, remainder dw- 
tinctly curved Primary setae few, one large m center of each plate , 
small setae, three on iwstenor margin of each plate Pubescence 
absent Median suture barely visible Color yellow, plates darker 
Ventral aspect of thorax simple, coxal cavities lateral 
Prothoracic log coxa conical, wider at base than long, tro- 
chanter small, nng-shaped, femur twice longer than wide, cylindri- 
cal, tapermg at each end just slightly, two pairs of pnmary st tae on 
inside, tibia three times longer than wide, cylindrical, tapenng at 
both ends , six pnmary setae on inside, none on outside Tarsus three- 
jointed, first segment three tunes longer than wide, slightly taper- 
ing distally, five spmes arranged near apical end, second segment 
short, oomcal, four spines toward distal end Last segment almost 
perfect cone, small 

Meeo- and metathoracio legs similar, variation in the pubes- 
cence, spines about the same 

Dorsal aspect of eight abdommal segments smular, form increas- 
ing m width from first to sixth segment, slight tapering in seVenth, 
distinct in the eighth and mnth segments Form and arrangement 
of dorsal idates variable, all wider than long, plates arranged sym- 
metiioBlly on segment, median indentation visible m anterior mar- 
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gins of the first seven segments^ m posterior of all eight Mediolateral 
protuberances present, each with four primary setae Ninth segment 
small, no dorsal plate, urogomphi smalt, solid Tenth segment ap- 
parently absent General small, fine pubescence on most parts 
Color light, except on median portions of plates, which are yellow 
Primary setae on plates variable 

Ventral aspect of all abdommal segments smular, slmide, setae 
and plates absent 

8pira<)le8 on first eight abdominal segments, annular 
Pupa (PI LXIV, Fig 24) 

Typical exarate pupa Total length, 3 4~4 2 mm , average, 3 8 
mm Width including wings (not extended), 1 2-2 0 mm , average, 
1 6 mm (Measurements taken from preserved materials ) Color 
of body white to light cream Eyes distinctly browmsh Setae on 
lateral portions of each abdommal segment, varying from 1 to 2, 
none apparent on dorsal surfaces of body Pubescence obvious on 
prothorax, coarse, remamder with a very fine clothing of hair, 
scarcely discernible Head and mouth parts resemblmg those of 
adult, head bending forward Abdomen with seven segments Pro- 
and mesothoracie legs folded under thorax, fold occurring at femoro- 
tibial jomt, metathoracic legs partly folded Length of pupal stage 
5-10 days 

aUHBCARY 

1 Certain fresh-water lakes possess an assemblage of sand- 
burrowmg insects on the narrow inner-beach or barrier-beach bars, 
and on sand-spits 

2 This fauna, comprising (1) true burrowers and (2) visitors, 
is made up of representatives of the following families of the order 
Coleoptera Homophronidae, Carabidae, Heterooeridae, Hydrophi- 
Udae, Staphylmidae, Lampyridae, and Mordellidae 

3 Adult burrowing beetles are more numerous m the early part 
of the summer season, the immature forms appear to be more preva- 
lent in the latter part 

4 Each speoiU produces a characteristlo burrow Larvae and 
adults of the same species make different burrows 

5 Plankton materials on and in the beach serve as food for 
these burrowing inseots Those maintakied In the laboratory for 
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as long as ten months fed actively on plankton collected from the 
surface waters of the lake 

6 The entire life cycle is passed in the burrows There are five 
larval Instars, each fitted morphologically to inner-beach burrowmg 
The pupal stage is passed m a widened portion of the burrow 

7 The adults of ail burrowing sjiecies o\erw inter in the beach, 
deposit their eggs the following spring, and die off during the summer 

8 Immature stages of the insects involved are illustrated and 
described m detail for the first time 

North Texas State Trachsrs Cocmjgb 
Denton, Texas 
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FXPLANATION Ol PI.ATE LXIII 

Fig 

1 Fifth larval inn tar of Hettrocerus auramtmns 

2 Group of of H auromicans 

3 Larval pro thoracic leg of H auromtcans 

4 I arval metathoracie leg of // auroimean$ 

6 Fifth larval inatar of Bemhtdton confu»um 

6 Egg of B confu»um ith Hand capsule 

7 Larval prothoraoic leg of B confuMum 

8 T^arval metathoraoio leg of B conftuum 

9 h ifth larval inniar of Oyachtrtu« sphaencolla 

10 Egg of D 9phaencolh8j with narid oapaule 

1 1 I arval prothoraeic leg of D iphaerteoUut 

12 I arval metathoraciu leg of O »phaencoUx8 

13 Fifth larval instar of Homaphron tea$eUatuin 

14 Egg of jff t€$8eUatumt ith sand capsule 
16 I^arval prothoraeic leg of H UnseUalum 

16 l«arval metathoracio leg of H ita^eHatum 

17 Fifth larval inatar of Homophron amer%oanwtn 

18 Larval prothoraeic of B atnenoanum 

19 Larval metathoracio leg of // amsneanum 

20 Larva of BZedtua $p 

21 Larval prothoraeic leg of Bledtua *p 

22 Larval motathoracic leg of BUdiua ap 

Note — Additional drawings, which could not be pubtished here, are on 
file m the office of the Graduate l^hool, tJniverelty of Michigan 
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40 Uomophron U HHiUatum larva 

41 //owo/^/ir(/« axnerxranum larva 

42 iittvrorrruft nuromxc€iiiM larva 
uromtcnafl adult 







A MORPHOLOGICAL STUDY OF THE RESPIRA- 
TORY SYSTEM IN VARIOUS LARVAL INSTARS 
OF ST EN ELM IS SULCATUS BLATCHLEY 
(DRYOPIDAE, COLEOPTERA) * 

MARIE E CIMINI SUSSKIND 

S TENELMIS SULCATUS was described by Blatchley (1910) 
from specimens found in Lake Maxiiikukee, Marshall County, 
Indiana This msett is unusual m two respects, namely, typo of habi- 
tat and possession of certam uncommon morphological structures 
in the larval stage The few records so far made for it suggest that 
it IS probably restricted to marl lakes/ m which it posses its life, 
seldom, if ever, coming to the surface •for air Larvae and adults 
occur m the interstices of marl concretions whuh, m rare instances, 
abound m such lakes, or in the common accumulations of marl on 
shells of mussels or other objects The insect is well adapted for life 
in such a situation because of its strong negative reaction to light and 
its positive thigmotaxis At the same time, practically buried as it is 
in the marl accumulations, it is closely associated with the numerous 
Algae, some of which build the concretions and give off oxygtn m thoir 
photosynthotic activities Its morphological interest is presented by 
the larval stage, which possesses an uncommon set of structures 
These are limited to a relatively small group of insects, namely, those 
of the families Pamidae and Dryopidae, and are sometimes referred 
to as ‘‘caudal gills ” In Stemlmis mlc(Uu8 they consist of three tufts 
of filaments at the posterior end of the body which are protrusible 
through the tip of the last abdominal segment Under certam condi- 
tions, such as abnormal mcrease m temperature of water, exposure to 
light, high carbon dioxide tension, or low oxygen tension, the larvae 
rhythmically extend and retract these caudal filaments Sometimes 
the rhythm is rapid, sometimes slow, depending upon the oondAtioUs 
to which the larvae are subjected If, however, several larvae arc 
allowed to rest in a dish of water, they curl up together into a mass, 

* Contribution from the Pepartment of Zodlogy, University of Michigan 

W 
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and their caudal filaments remain retracted as long as the larvae are 
left undisturbed Dunng this quiescent period the larvae are canymg 
on respiration, apparently without the aid of the caudal filaments 
When larvae are subjected to abnormal conditions, the retraction and 
the extension of the filaments appear, m a measure, to be a response 
to an imtabihty which results in a rapid locomotion, and the filaments 
and the posterior part of the abdomen are used in a way that suggests 
the rapid backward locomotion of a crayfish This response is most 
pronounced when the larvae are submerged in acid, alcohol, warm 
water, or other medium which makes them extremely uncomfortable 
Abnormal carbon dioxide or oxygen tensions do not bnng forth so 
active a response 

Smee the most unusual features of Stenelmia aulcatua arc presented 
by the larva, only that stage was studied dunng this mvestlgation A 
comparison was made of the morphology and physiology of the re- 
spiratory system In three larval instars The problems that first 
present^ themselves were (1) Are the larvae catching and usmg 
OTty^en directly as it is given off by the marl-forming Algae or do they 
use the dissolved oxygen of the surrounding water? (2) Is the re- 
spiratory system an open or a closed one? (3) Do the caudal filaments 
have a respiratory function? 

ACKNOWnEDOMENTS 

The wnter wishes to express her indebtedness to Professor Paiil S 
Welch, who guided this mvestlgation, to Mr Manon R Raymdl^i 
who brought m matenals from the field during two winters, to 
vanous other persons who gave valuable advice and assistance 

Methods 

The uninterrupted progress of this investigation over a period of 
two years was facilitated by the presence of a ndk bed of marl concre- 
tions in Bass Lake, eighteen miles northwest of Ann Arbor, Michigan 
These concretions, containing all stages of the insect except the pupa, 
can be obtained throughout the year 

CULTtmE 

Marl concretions from Bass Lake commonly contain life-history 
stages of Sienahnta atdeatua Sometimes as many as one hundred 
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larvae of various mstars may be found in a medium-sized concretion 
Laboratory culture is relatively simple Concretions may be kept 
for weeks m an aquanum filled with constantly aerated water at 
ordinary room temperatures and m a room to which sunlight is ad- 
mitted for maintenance of the Algae One culture was maintained 
for a year under these simple conditions, and during that tune all 
larval mstars as well as adults were present Therefore, eggs are 
apparently laid throughout the year under these conditions, although 
attempts to find them among the marl particles were unsuccessful 

TECHKIC 

Dtsaecting Inatrumenls 

Stenelmis sulcaius is about 1 mm in length m its first larval mstar 
and about 5 6 mm m its last larval instar It was necessary, there- 
fore, to devise instruments small enough for microscopic dissection 
Gross dissections of the larger larvae were made under the 40-mm 
objective of the compound microscope by means of small pieces of 
a safety razor blade attached to mechanical fingers clamped to the 
microscope stage For more delicate dissections fine scalpels were 
constructed by grmding the pomts of steel sowing netdles to a sharp 
cuttmg edge and fitting them mto handles 

All dissections were made by partly filling the cavity of a depres- 
sion slide witli paraffin The larva was held in place m this paraffin 
by means of one Insect ‘'minuten*' pm, since the extremely small 
size of the larva made it impossible to fasten it down at more than one 
point at a time The free portion was carefully dissected by using 
both hands, each supplied with a fine scalpel, or by the use of mechani- 
cal fingers 

Phenol PrsparcUtona 

The efficacy of phenol as a cleanng agent suggested its use in a 
preliminary examination of the larvae before dissection was begun 
When livmg first-instar larvae, which are not so heavily chituuzed 
as the older ones, are placed in phenol, the mam tracheal trunks and 
some of the smaller tracheae are easily visible tbrou^ the body wall 
Therefore, phenol was used m studying the gross aspects 6( the 
tracheal system of the first larval mstar and m cleanng tissues sur- 
rounding a given structure. It was especially useful m observmg the 
structure of spiracles and spiracular vestibules 
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Glycerine Preparations 

Wahl (1900) found glycerine useful in his study of the respiratoJy 
system of ^nsloita tenax L In accordance with this suggestion, hving 
larvae were submerged m glycerine until the tissues were completely 
permeated with it Upon dissection the tracheae appeared silvery 
white in their glycerme bath, owing to the gas which remained im- 
prisoned within them This proved an invaluable method for the 
study of larger tracheal tubes m the older larvae 

Stained Oil Preparations 

To study the minute branches and tracheoles, a third method 
was required It was found that, when hvingdarvae are submerged 
m kerosene, xylol, or benssol, these liquids gradually fill the tracheae, 
rendenng them translucent, but that, if these liquids are first stamed 
with Sudan III, the tracheae become colored a decided pink due, ac- 
cording to Hacker (1925), to the adherence of the Sudan III to their 
walls, 60 that even the tracheoles are readily visible with the highest 
magnification of the compound microscope Staimng of the oils was 
done according to Hacker^s method by shaking a slight excess of 
Sudan III into the liquid and gently heating it Benssol was the most 
effective, and only a small quantity was prepared at a tune, fresh 
solutions were made as noed^ 

Morphology of Respiratory System 

FIRST LABVAti mSTAR 

Ventred Aspect 

Main tracheal trunks 

Themain tracheal trunks, seen from the ventral surface (PI LXVII, 
fig 1 mU)t consist of a pair of large lateral tubes, which gradually 
become smaller m diameter at the anterior end and, on entering the 
head (AOj divide mto numerous branches, which supply the head cap- 
sule and the organs within it At the posbsrior end and m the region of 
the last abdominal segment each trui^ is divided into two branches, 
the most lateral of which (mdt) extends posteriorly for a ^ort dis- 
tance, then bends mesad to form an ascending loop, which extends 
mto the body, coming to he dorsad to the intestine, where it bends 
once more to form a short descending loop Here it meets the de* 
Bcendmg loop from the opposite trunk, and together they supply 
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the middoreal tuft of the caudal filamenta The aocond and mner- 
most branch of the main trunk (U) extends posteriorly as a single 
tube at first, finally dividing into two branches, which remain sepa- 
rated except at the tip, where they approximate to supply the lateral 
tuft of caudal filaments Thus each tuft is supplied by two branches 
of the mam tracheal trunks 

Cattdal filaments 

The caudal filamenta appear to be evaginations from the main 
tracheal trunks, at the poetenor ends of which they fonn, in all, three 
tufts (PI LXVII, Fig 1 U mdi) The middorsal tuft is the largest and 
lies dorsad to the Intestine It consists of 47“72 filamenta, average 66 
The lateral tufts lie ventrad to, and at either side of, the intestine and 
consist of 24-49 filaments, average 36 The wall of the filament ap- 
pears to consist of a relatively thick chitmous outer layer and an 
inner, basement membrane In the first instar the filaments vary In 
length from 102 to 161 ^ inclusive and have a diameter of 4 8 ^ at the 
proximal end and 2Z fjt&i the tip Each is supplied with two trache- 
oles from the mam trunk which twist spirally around each other and 
end blindly at the tip 

Transverse connectives 

Transverse connectives (PI LXVII, Fig 1 tc) extend from one 
main, longitudinal trunk to the other on the ventral side and, though 
there are always nine in the first larval instar, the number of branches 
given off by them to other structures varies somewhat In one larva 
a connective in the region of the second abdominal segment gives off 
two branches to the ganglion m that region, whereas in another larva 
of the same instar tlie connective in the same region has three or four 
branches 

Ganglionic and nerve-cord tracheae 

The ganglionic tracheae (PI LXVII, Fig 1 to) are given off by 
the transverse connectives sometimes from their upper and some- 
times from their lower side m the midventral region Two to fovir 
ganidiomo tracheae develop from each transverse connective and 
they, m turn, give off one to three smaller branches to the nerve 
cord. 
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Ventral body^all trac?ieae 

Ventral body-wall traeheae (PI LXVII, Fig 1 t>6u») are given off 
from the two mam trunks throughout their entire length These 
tracheae are not bilaterally symmetncal In one larva the left trunk 
may supply a greater number than the right trunk, whereas in an- 
other larva the reverse is true However, all these branches send off 
tracheoles into the ventral body wall, where the latter anastomose 
and form a network which suppUes the entire ventral side 

Leg tracheae 

Tracheae to the legs are likewise supphed by the main tracheal 
trunks (PI LXVII, Fig lliltU) Here again there is a variation in 
the number of branches The first pair, bemg the largest, is supphed 
with more branches than are the others However, the number of 
branches sent off to the legs on the right side does not always agree 
with the number sent off to those on the left 

Head tracheae 

In the previous discussion of the morphology of the mam tracheal 
trunks it was pointed out that at their anterior ends they send off 
numerous branches to the head A ventral view reveals only the 
branches to the head capsule and to the mouth parts These branches 
are variable in number, but are quite simple and need no description 
The remamder of the head tracbeation is discussed below 

DoracU Aspect 

Main tracheal (runke 

From a dorsal view (PI LXVII, Fig 2) the main trunks present 
the same picture as that on the ventral aide, except that the dorsal 
aide, having no transverse connectives, reveals the eunall octal pro^ 
trurions (PI LXVII, Fig 2cp) which represent the beginnings of 
evaglnations, from which in older instars the spiracular tracheae 
develop 

Vtaceral tracheae 

The visoeral tracheae are given off from the dorsomesal side of 
each of the mam trunks, forming pairs which are more or less bilater- 
ally symmetrieal In the head region the first two pairs are relatively 
thick tubes (PI LXVII, Fig 2 vt% which break up into smaller 
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branches on entenng the alimentary tract A third pair (v^i) given 
off farther down, just at the beginnnig of the prothorax, also sends off 
smaller branches into the wall of the alimentary tract The fourth 
pair (vU) takes its origin m the region of tlie second abdominal seg- 
ment and, proceedmg anteriorly, sends off branches to the intestine, 
finally breaking up into from five to seven branches, all entering the 
**ga«tno mill ” located in the prothorax The fifth pair (vis) takes its 
origin m the region of the third abdominal segment, extending 
cephalad to supply that portion of the ahmcntary tract in the first 
and second abdominal segments The sixth pair (r^) is the most 
complex Taking its origin from the mam trunks m the region of the 
fifth abdominal segment, each component of the pair, after a short 
mesad course, divides into two branches, one of which goes cephalad, 
sending off smaller branches which supply that part of the mtestme 
located m the third and fourth abdominal segments and branches 
which supply other visceral organs in the same region, whereas, the 
second branch extends caudad, also breakiiig up into smaller branches 
which supply the portion of intestine in the sixth abdommal segment 
Each component of the seventh pair (Wt), taking its ongm m the 
region of the eighth abdominal segment, likewise divides into two 
branches, one of which goes cephalad to supply the mtestine in the 
seventh segment and the other caudad to supply the mtestme m the 
region of the eighth and ninth segments 

In the first larval instar the paired visceral tracheae always num- 
ber seven and always take their ongm from the same region of the 
main trunks However, the number of smaller branches which they 
give off to the wall of the digestive tube or of other visceral organs 
vanes a little in larvae of the same Instar 

Dorsal bodp-iMll tracheae 

Dorsal body-wall tracheae anse from the mam tracheal trunks 
on their lateral faces and are similar in form to those previously 
described which supply the ventral body wall 

Ocellar tracheae 

Ocellar tracheae (PI LXVII, Fig 2 of) arise from one <rf the 
branches of the main trunks which supply the head At its distal 
eiMi the branch divides into several sm^er branches which, in turn, 
resemble the recurved fingsrs of a hand These curved, finger-Uke 
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tracheae terminate m the region of the ocelli, and there are never 
fewer than four and never more than five in each group They are 
usually bilaterally symmetncal, the number being the same for both 
groups of ocelli in the same larva 

AiUennal tracheae 

Antennal tracheae (PI LXVII, Fig 2 at) are likewise given off 
from one of the branches of the mam tracheal trunks supplying the 
head Usually two, and sometimes three, tracheae supply each an- 
tenna, these are quite simple and need no further description 

MORPHOLOGY OF AM INTHRMFDIATB I ARVAL INSTAR 

The intermediate larval instar hero described is, in all probability, 
the third instar although, owing to the rather unsatisfactory results 
of breeding expenmenta, the writer docs not wish to state definitely 
that it IS the third Consequently the Instar studied throughout this 
investigation will be referred to as on intermediate larval ms tar 
The larva m question is about 3 mm long and shows a stage of 
development midway between that of the first instar and that of the 
last 

Ventral Aspect 

Main tracheal trunks 

In this Instar each mam tracheal trunk (PI LXVII I, Figs 1-2) 
possesses a definite form having a well-defined ental bend between 
each two of the developing spiracular tracheae At their anterior 
and posterior ends no further developmental changes occur in the 
main trunks except for a more regular curvature of the branches 
leading to the caudal tufts Also, the trunks throughout their en- 
tire length have a greater diameter than those in the first instar 
The evagmations of the spiracular tracheae (PI LXVIII, Fig 1 ste) 
which, in the first instar, were irregular ectal protrusions (PI LXVII, 
Fig 2 cp), now take on a definite form and position, two pairs of them 
are always present in the thorax and eight pairs in the abdomen 

Spiracular tracheae 

The i^acular trachea has its origin from the main trunk at about 
the level of the anterior end of the body segment in which the spiracle 
is to develop m the last larval mstar In this Intermediate instar the 
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spiracular tracheae have developed about one half of their final ex- 
tent, ending as blind tubes in the body cavity As development pro- 
gresses they proceed in a ventro-latero-ectal direction, toward the 
destined position of the spiracle, midway between the intersegmental 
grooves 

Transverse connechves 

The transverse connectives of this intermediate mstar are similar 
m form to those of the first instar except that, whereas the latter had 
a constant numlier of nme connectives, m the former (PI LWIII, 
Fig 2 fnK) the number has increased to eleven This number remains 
constant throughout the rest of the larval stage of the insect 

Garighontc and nerve^rd tracheae 

Similarly, the ganglionic and nerve-cord tracheae are of the same 
form as those already described for the first mstar Furthermore, 
there are eleven pairs, a number that corresponds to the number of 
transverse connectives, whereas m the first mstar the number of 
paired ganglionic tracheae corresponds to the number of transverse 
connectives present at that stage 

Caudal jUamente 

The tufts of caudal filaments present the same general appearance 
m this intermediate instar as they do m the first The average num- 
ber of filaments m each tuft is approximately the same The length 
and the diameter of the filaments, however, have increased in pro- 
portion to the greater length of the larva itself Associated with 
the caudal filaments, a new structure has made its appearance in 
the intermediate mstar This structure is here called the caudal 
chamber” because of its position and nature Its morphology will be 
discussed later under a separate heading Tracheae of all other 
structures seen in the ventral view of the respiratory system are com- 
parable to those for the first instar desenbed above, consequently, 
no further description is needed 

Dorsof Aspect 

The dorsal aspect of the respiratory system of the intermediate 
larval mstar is essentially hke that of the first instar m every respect 
except for the visceral tracheae and those advances in development 
already described m the discussion of the ventral aspect 
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The visceral tracheae do not differ fundamentally in structure 
from those m the first instar There is, however, an Increase m the 
number of branches supplying the visceral organs (PI LXVIII, Pig 1 
which are larger and more advanced m development than 
they are m the first instar 

UORPHOLOOY OF LAST LARVAL INSTAR 

In the last larval instar (PI LXIX, PI LXX, Fig 1) the re- 
spiratory system is m every respect similar in structure to that of the 
intermediate instar, except that the spiracular tracheae are now com- 
pletely developed and that the spiracles make their appearance A 
detailed descnption of the spiracles and their tracheae will be given 
later under a separate heading 

MORPHOLOGY OF FILAMIiNTS AND CAUDAL CHAMBER 

Caudal FxlamenU 

As previously stated, the filaments are aggregated mto three 
tufts There appears to be no increase in their number as the larva 
develops, but there is an appreciable increase m size Their length in 
the last mstar vanes from 464 to 608 ^ The diameter of each fila- 
ment in this instar is about 6 2 /i at the proximal end and 2 7 m the 
tip Likewise, the layer of cbitm is relatively much thicker in the 
filaments of the last instar larvae However, the number of tracheoles 
that supply each filament remains the same Two tracheoles, char- 
acteristically twisted about each other, are m each filament of all 
instars 

Caudal Chamber 

The histological structure of the wall of ^e caudal chamber is 
apparently sunilar to that of the filaments, with the exception of the 
c^tmouB layer, which is relatively thinner The caudal chamber 
completely invests the main tracheal trunks and the intestine in that 
region, its wall lies close to the body wall Branches from the main 
trunks supply the wall of the caudal chamber on its inner face In 
the wall they break up into a network of tracheoles, which completely 
ramify the inner layers Thus the caudal chamber wall furnishes a 
relatively large surface of comparatively thm tissue, through which 
diShi^on of gases may readily take place 

At the posterkw end, in the region d the caudal tufts, the chamber 
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wall is divided into three separate tubeiike parts, each of which en- 
velops the main tracheal trunks at their distal ends Each of these 
parts, as well as the remainder of the caudal chamber wall, is capable 
of shortening, by fonmng a series of folds, when the caudal filaments 
are retracted into the body The tissue that composes the wall is, 
therefore, fairly flexible owmg to its reduced chitmization This 
condition makes it possible for the caudal tufts to be extended and 
retracted with an ease that would not be possible if the wall of the 
caudal chamber were rigid 

Apparently, that rhythmic extension and retraction of the tufts 
which occurs under certain conditions is not due to muscles extcndmg 
from the body wall to the wall of the caudal chamber, since thus far 
no muscles have been found that are m any way connected with the 
caudal chamber or with that part of each tracheal trunk which lies 
withm the chamber It does not seem likely that muscles operating 
the mechanism of the caudal tufts, if present, would bo so minute as 
to escape detection However, this subject requires further investi- 
gation before a definite statement can be made concerning the method 
of action of these caudal structures 

MORPHOTX>OT or SPlRACLfiS 
Pontum 

It has already been stated that the spiracles are not found until 
the larva attains its last instar There are, in all, ten pairs of spiracles, 
two m the thorax and eight in the abdomen Thoracic spiracles are 
located in the mesothorax and metathorax Abdominal spiracles are 
located m the first eight segments The position of the spiradcs is a 
ventrolateral one The “ears” of the spiracles protrude outside the 
body wall midway in the segment and on the ventral portion of the 
pleura, so that, if a larva is crawling on a wet surface, the apertures of 
the spiracles are in contact with that surface 

jSfrwdure 

Each miracle is surrounded by an outer rim (PI LXX, Fig 2 or), 
which IS more highly ohitinlsed than the rest The aperture of the 
spiracle is closed by two lightly chitinised membranes (FI LXX, 
Vig 2 which prevent the entrance of water into the tubes and 
probably act as diffusion membranes These membranes are attached 
all along their outer edge to the pedph^ of the spiraoular aperture. 



708 


Mane E Cttmm Sueaktnd 


Across the center of the aperture the membranes meet in a straight 
line parallel to the long axis of the body These median edges are 
fused to each other, the straight line being, to all appearances, a 
suture markmg their point of juncture Under no circumstances do 
these membranes pull apart to form an opening which would com- 
mumcate with the tracheal tubes, nor are they provided with muscles 
or levers which might serve to open and close them 

Entad from the aperture is a short vestibule, the wall of which is 
made up largely of cuticle This vestibule leads into the spiracular 
trachea, where the chitmous linmg is modified by the presence of 
taenidia Tlie spiracular trachea enters the main trunk at the position 
already desonbed Morphologically, the tracheal system of the last 
instar larva is an open one, except these membranes in the openings 
of the spiracles 

Digestive System and Relation to Caudal Chamber 
AND Filaments 

GASTRIC MILL 

The mouth opens Into a simple, thin-walled tube, which gradually 
grows broader as it reaches the postenor end of the prothorax At 
this point two layers of short longitudmal bundles of muscle fibers 
are laid end to end, formmg a curious structure that suggests a gas- 
tne mill This gastric mill usually contains numerous diatoms, but 
occasionally rotifers, microcrustacea, and particles of marl also oc* 
our m It Its structure is the same in all larval instars Its size, 
however, increases proportionately with the size of the larva 

INTESTINE 

From the gastric mill the intestine continues as a thm-walled 
tube, which gradually tapers as it approaches the anal aperture 
Muscles and branches of the tracheal system serve to hold It at ap- 
proximately the middle of the body 

anal aperture 

Throughout the development of the larva no changes occur in the 
digestive system except for the relation between the anal aperture 
and the caudal chamber when the latter appears It has been ^wn 
that m ihe first instar (Pi LXVll, Figs 1-2) the caudal filaments are 
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grouped m tu/t« about the posterior cuds of the main tracheal trunks 
The mteetine and the anal aperture in this instar are not associated 
with the caudal hlaments At the extreme t nd of the last abdommal 
segment the sternum is provided with a shieldlike solente, which is 
hinged at its cephalic end and is free all the way to the tip of the ab- 
domen, and IS thus enabled to open and close that part of the abdomen 
when the tufts are extended and retracted Therefore, in this instar 
the anal aperture opens to the outside inde|)endently of the caudal 
filaments when the sclente is open However, when in later instars 
the caudal chamber is developed, the tufts and the anal aperture be- 
come associated with it The posterior end of the intestine liecomes 
enveloped by the wall of the caudal chamber, and the anal aperture 
takes its position m the nuddorsal tuft, the filaments of which com- 
pletely surround the opening A peculiar phenomenon sometimes 
occurs in larvae that have the caudal chamber If livmg larvae are 
dropped into concentrated sulphuno acid or some other extremely 
mjunous liquid, they struggle violently and ultunately die Tliis 
struggle causes the intestine to break just above the place of attach- 
ment of the caudal chamber, and the lowermost part of the intestine 
becomes extraverted through the anal aperture This brief descrip- 
tion of the alimentary tract has been included m the discussion of the 
respiratory system because of the relationship between them in the 
older mstars 

GENKBAtr Discussion of Ricspiratohy System 

It is seen from this study of Steyidims sulcatus that the larval 
respiratory S3rstem is essentially a terrestna! one which has become 
secondarily modified for an aquatic liabitat There is, on the whole, 
no unusual s^iecialuBation m the tracheal system There are typically 
ten pairs of spiracles, a number which, according to MacGilhvray 
(1923), represents the most prunitive condition, at least m the higher 
forms, in which the tracheal system is fused into a connected whole 
and from which many specialisations have developed that mvolve the 
loss of some or all of the spiracles The caudal chamber appears to 
be a speeiahsed structure but, to judge by its morjihology, it does not 
seem to be respiratory in function in the same sense as is the respira- 
tory chamber, described by Kuster (1933), which is found m Siralto-^ 
myta and OdorUomyta larvae and uito which the tracheal system opens 
by means of a pair of posterior spiracles The caudal Aments are 
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true chitmous fiJaments supplied with tracheoles and are a direct 
continuation of the tracheal system These filaments must not be 
confused with those hairlike structures at the termmal end of the 
abdomen m the larval forms of some other insects such as ^*Stratio~ 
chameleon^ which Henneguy (1904) and Berlese (1909) describe 
as “ngld, chitinous filaments/’ and which Wahl (1900) calls ''bristles" 
when referring to similar structures m Enetaha tenax L , and which 
Dunavan (1929), working with EnstaUa arbustorum L , calls "feather- 
like setae " In all these forms the structures are essentially hairhke, 
and those of stratiomyiad larvae have been adequately described by 
Kuster, who calls them "plumose hairs " 

The terminology used in describmg the tracheal system of Steneb- 
mt 9 sulcatiLa follows, so far as possible, that of Kennedy (1922) when- 
ever homologous parts are bemg described and when the homology 
of the tracheae is obvious, which is true of the larger tubes In 
designating some of the lesser tubes names have been adopted from 
the structures which the tracheae in question supply This system 
has been resorted to because, up to the present tune, Kennedy’s work, 
already mentioned, still remidns the only attempt to homologise the 
various parts of the tracheal 83n9tem of insects This is true m spite 
of the large amount of work that has been done on the respiratory 
system in the present century, to say nothing of the work that pre- 
ened 1900 To the investigators in this field one might here add 
several others merely to give the reader some idea of the wide diversity 
of the groups studied Thus Miall and Hammond (1900) studied the 
morphology of the harlequm fly, MacGilhvray (1903), the aquatic 
Chrysomekdae, Bfimer (1909), the Ephemerida, Bfiving (1910), the 
larvae of Donaciinae, Brocher (1911) and Alt (1912), Dytisous, 
D’Orchymont (1913), the Hydrophilidae, and the list could be ex- 
panded to include nearly all the groups of insects Therefore, the 
necessity for an extensive work on homology of the respiratory system 
is quite obviously an urgent one, and Kennedy’s work, though it is 
splendid so far as it goes, is alter all only a beginning 

SUIOIABT 

1 Both larvae and adults of Siei/ldmta sutofus occur m marl 
concretions and are permanently submerged, never oomii^ to the 
surface for air 
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2 The larval tracheal system has fewer branches in the first in- 
star than in all older larvae 

3 In the first larval mstar neither spiracles nor spiracular tra- 
cheae are present 

4 The intermediate instar studied has spiracular tracheae, which 
are about half developed 

6 Last mstar larvae have completely developed spiracular tra- 
cheae and ten pairs of spiracles The spiracular apertures are per- 
manently closed by weakly chitinised membranes 

0 Larvae of all instars possess three tufts of caudal filaments at 
the posterior end of the mam tracheal trunks These tufts are pro- 
trusible through the tip of the last abdominal segment 

7 Intermediate and last mstar larvae possess a caudal chamber 
associated with the cauded filaments 

8 The tracheal system of all larval instars Is a closed one 
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ABBREVIATIONS USED IN PLATES 

— meBotburacio and mctathuracic spiracles 

— abdominal spiracles 

— anus 

— antennal tracheae 

— body wall 

— body w all tracheae 

— caudal chamber 

— caudal-ohaniber tracheae 

— cbiiiuoua wall of caudal filament 
dorsal hudy-aall tracheae 

— “ear" of npiraclo 

— ocellar tracheae 

— gaatnc null 
'* head 

— head tracheae 
— - intestine 

— leg trachea^) 

lateral tuft of caudal filaments 

branch of main tracheal trunk suppl>uig lateral tuft of filaments 

— * mouth' or aperture of spiracle 

— middorsal tuft of caudal lilament.s 

-- branch of mam tracheal trunk supplying middursal tuft of filaments 

— membranes closing spiraoular apt rturc 

— mesothorax 

— metathorax 

— main tracheal trunk 

strongly chitinued outer nm of spiracle 

- prothorax 

- spiracle 
spirocular trachea 
spiracular trachea evogiriation 

— transverse conm ctives 

- gangliomc and nerve-cord tracheae 

- tra* heolo 

“ spiracular vestibule 

- ventral b<xiy wall tracheae 

visceral tracheae aupplyutg digestive system 
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EXPIJVNATION OF PLATE LXVII 

Fia I Ventral Mpeot of respiratory system of first Instar larva 

Fio 2 Dorsal aspect of respiratory system and its relation to the dlcestive tract 
Firat Instar larva Actual numb^ caudal filaments more twice the 
number represented 
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I* lo 1 Dfirwil c < t)f r(‘«piratoi v 8> st-om of int^'rmodmt^* in^tar larva i audal 
(hamfwr and hlain< nta iu>t aho^Mi 

Jhia ^ Ventral a>t(M(t nf *•< «pirator\ MV^Um of mtermediatf larva HlumiiiK 
caudal ( hatnlM r and cfuitinuaiion of mam tiaehfal trunks into < uudal 
filamt ntH 

C Hudul filantcntK diaKi'animaticallv draun, tht ir numla r ir* grt atlv rt duo(d 
in ih( hgiirc 




KXPLANATION OF PLATE L\1X 


I 10 1 Doraal of the reapiratory 8vst4*in of laat mniar larva Caudal 

chaiubt r and caudal filamonta not includcHl in ftfcurt 

fio 2 Ventral aapeti of tht napiratory systim of last instar larva Caudal 
ohamt>er and filaments not included in fifpjrt 

Tifi 3 Sagitto-lateral vuv, of htad and thorax of last instar larva showing 
portion of one main tracheal trunk and trachtation of legs 
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I [(] 1 Diagiam of Ofiudal cltatitlH r hikI fnudnl htnmt ats of last iiistiir larva 
iiul tlu ir rt IdtioM to main ttiulu ul (riiiik*T I iluim nts u prrsc nttd It ss tluiii 
oiH half i( timl numbt'i 

1 lu 2 A Suit viLW of alxlomtnal Kptracio KientU onlaigid show inj; vi stihuli 
and « iir 

B lat( viiw of spiniclt AptitUK oj motiih of s pi rack ilostdhv two 
in* mbnitUH fust d in niitklh and attuchid along ptrtplurv of Hpnaditai 
aix I tuiL 

1 iG 3 Abdominal spmwl*, showing count ctum witli tracluul systtm 

1 It 4 A I ongituduial V u w tif t aiidal filnnit nt gniith tnhitgtd 
B i rails vt rst view of the same hlaiiunt 
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THE EGGS AND THE CORACIDIA OF 
DIPHYLLOBOTHRIUM LATUM* 

TEUNIS VERGEER 
EQ08 

Varxatum tn stze 

M AGATH (19 Id) reviewed the literature dealing with the eggs of 
IhpKyU(^oiknurn latum and described eggs secured by him from 
a human case He emphasised the variations m the eggs he studied 
From this review of the Uterature and his own study it is evident 
that the eggs of D latum range from 60 ^ 76 ^ in length, and 
from 35 to 56 /u in width Faust (1929) gives the siaes as ranging 
from 56 to 80 by 41 to 66 M Other authors do not report maxi- 
mum fidses larger than 50 in width and 71 in length It is in- 
teresting to note that Leuokart (1886) stated that the eggs are about 
35 by 50 p It is not always clear whether the measurements were 
made from fresh or preserved matenal, from eggs of one or of more 
worms, and whether they were from human or mammalian cases 
To determme the effect of preservation and mountmg on the 
sise of the eggs I measured forty fresh eggs taken from the uterus 
of one tapeworm and found that their average sise was 42 by 60 p 
Neighboring segments of this same worm were fixed in an acetic 
solution of corrosive sublimate, run up through graded alcohols, 
xylol, and paraffin, then sectioned, mounted, and stained in haema- 
toxylin and eosin This process caused a shrinkage which reduced 
the average size to 40 by 58 p The eggs in the first part of the 
uterus, }ust after leaving the odtype, have thinner shells than those 
nearer the uterine pore Forty eggs taken from the posterior part 

* Contribution from the Department of Zoology, University of MielUgan 
Out of a eeries of reporte on Broad Tapeworm Investigations supported by granta 
Nos. 60, 131, and 153 of the Committee on Seientiflo Investigation of the Ameti- 
ean Medical AMOoiation made to Dr George R La Rue and the late Dr A S 
Warthin This is the second paper on work done os Feltow In Medicine of the 
Katlonal Beaearoh Council, 1086-31 
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of a uterus averaged 44 5 by 63 2 /i Eggs from the same segment 
near the uterme pore averaged 46 by 66 /jl Newly produced eggs 
are, therefore, about 1 5 /* narrower and 18^ shorter than older 
eggs m the same uterus While one is preparmg slides of these 
tapeworms most of the older eggs collapse, hence the mvestigator 
18 mclmed to measure the younger eggs, but in dealing with eggs 
from feces he uses older ones exclusively In the measurements of 
eggs from mounted material one must therefore make an allowance 
of about 1 5 by 1 8 /m for age plus about 2 ju hi both dunensions 
for shrinkage 

Different specimens of D latum also produce eggs the average 
measurements of which vaiy considerably As indicated m Table I, 
the smallest average size of eggs is 66 by 39 /i, m host M16, the 
largest average size is 68 by 48 /i, in host 1152 The smallest 
of the last lot, liowcver, equal the average size of the first lot, its 
largest eggs (66 by 44 fx) approach the largest avi rage size 

After forty eggs from a fresh uterus had been measured, they 
wert left in water for twenty-four hours and measured agaui When 
fresh, they averaged 44 1 by 62 2 but twenty-fours later they 
measured 46 6 by 64 an average increase of 1 5 breadth by 
IS fx 111 length A similar, but smaller, increase was noted when 
the whole proglottis was left in water Leaving the eggs in water 
until hatching causes an additional increase m size of only a few 
tenths of a micron This indicates that almost all absorption of 
water takes place during the first twenty-four hours 

That the same tapeworm may produce eggs whose average size 
varies from time to tune is shown in Table I Lots 1088 and 1152 
are pieces from one tapeworm, as later treatment of the child pa- 
tient proved Smee she was kept under constant supervision prior 
to treatment, she could not have lost a tapeworm Piece No 1088 
was passed about a year before piece No 1152 Since the latter 
piece was left in water for three or four days, a reduction of about 
1 5 ju should be made from the size of the eggs of No 1152 to make 
the measurements comparable with those of No 1088 After this 
reduction there remains an average difference of 2 5 by 4 5 ja It 
may also be stated that, m general, the eggs first pr^uced by a 
young segment are smaller and more elongate than later eggs The 
average size of eggs produced by D latum grown in dogs ui also 
smaller than when gro w n in man, as shown in Table I 
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TABLE I 

Variations in Sisb or Eaaa from Diffkrent SpucmnNs or D latvm 
All measuremcnU aro m micro&K 


Host 

Collec- 

tion 

Average 

length 

Average 

width 

Range 

of 

Range 

of 

No of 

Remarks 


No 

lengths 

widths 

used 



Fresh material 


Doga 

1210 

60 

42 

87-64 

88-^ 

50 

From uterus 


1215 

62 

44 

50 64 

42^*47 

30 

From ft oes 


1224 

63 

43 

61-66 

42-46 

25 

From uterus 


1222 

64 

45 

6168 

42-47 

25 

From uterus 


Mounted material 


Dogs 

M16* 

65 

39 

51-66 

34-44 

20 



1008 

65 

40 

51-63 

86-43 

30 



M25 

56 

38 

5061 

82 43 

30 



M12 

56 

38 

61-63 

30-41 

20 



1085d 

56 

38 

51-69 

32-42 

30 



1006 

56 

41 

51-^3 

38-44 

80 



M24 

56 

42 

44-62 

32-46 

30 



1000 

67 

88 

61-68 

34-41 

30 



1085b j 

60 

88 

67-66 

84-44 

27 



1096 

60 

40 

51-68 

87-47 

30 



1104 

60 

42 

64-64 

89-44 

60 



1124 

61 

38 

47 «9 

33^ 

26 { 
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61 
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20 

From experimen- 
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* M indieates natural Icdestation m dogs, all tapeworms from num were also 
naturel infestationB 




718 Teunw V&rgeer 

My studies on the eggs of D lalum indicate that the sises of 
norm^ fresh eggs vary at least from 48 to 75 m in length and from 
33 to 57 p in width In all probability all conflicting reports of 
authors on the size of the eggs are correct, although the maximum 
length of 80 // mdicated by Faust (1929) seems to be rather high 
That the range m the size of eggs of other tapeworms is at tunes 
also very large can be learned from a study of the eggs of B cuspt- 
d(UuBt a tapeworm which reaches matunty in the mtestme of the 
walleyed pike Cooper (1918) gives then* size as 62 to 66 m by 42 
to 45 M Essex (1928) reports their size as 49 to 56 /x by 32 to 42 
M Incidentally, with the development of the procercoids of B cus- 
pidaiusj I studied the eggs of this worm and found that the fresh 
eggs extruded in water averaged only 32 by 46 /x The relation of 
length to width, however, is the same as that of the eggs measured 
by Cooper 


FOEM AND 8TEUCT0RB 

In shape the eggs of various worms also differ somewhat The 
lowest ratio between the average width and length is 1 1 33, 
the highest is 1 1 61 In general, the eggs are widest very near the 
middle, but toward the end with the nodule Considerable varia^ 
tion IS noticeable between one egg and another m the degree of ta- 
pering toward the cap end At times they are almost perfect ovals, 
but at other tunes they are rather pointed toward the cap, and all in- 
tergradations between these two forms may be found The end with 
the nodule is almost uniformly rounded The eggs of D kUum are 
never so pomted as those of D manaom and other Far Eastern 
Fscudophylhdeans, Magath (1919) stated that a definite diagnosis 
cannot be made from the measurements of the eggs, but that ** the 
cap on one pole and the small thickened nodule at the other clmch 
the diagnosis ’’ It is true that this nodule has often escaped the 
observation of workers, and that it is characteristic (although not 
always present) for the eggs of D IcUum It is also true, as Magath 
justly observes, that this structure, as well as the cap at the other 
end, becomes more conspicuous as the eggs mature Moreover, it 
is often very difficult, if not impossible, to observe these characters 
in prepared elides, and especially so in whole mounts of proglot<* 
Neither of these characters, however, u specific for D htum 
I have observed both structures on the eggs of Z> manMont and they 
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possibly hold for all tapeworms of the subgenus Sptrometra Faust, 
Campbell, and Kellogg (1929) The same structures are noted by 
Talysin (1930) for D mtnor Choi , the eggs of which are almost 
identical with those of D latum Doubtless these characters have 
often escaped observation They may hold for the whole genus 
Dtpkyllobotknum I have observed these structures in the genus 
BoihrtocephaluSf and they are common on trematode eggs, note in 
particular Paragontmua and Polystoma 

In the hosts of the broad tapeworm many other species of the 
genus Ihphylhboihnuin may occur, the sizes of their eggs overlap 
inter se and with those of D latum (Meggitt, 1924) There is thus 
no combmatlon of characters sufficient for the positive identiiication 
of the eggs of D IcUumt hence only a provisional identification 
can be made in endemic regions where other parasites with similar 
eggs have not been reported 

The cap of the egg of D latum is rather large as compared with 
caps of some other pseudophylUdean eggs. Its diameter measures 
about 20 fji Although not observed in fresh eggs, another character 
becomes evident in older eggs, especially when the cap is pressed 
open or the egg hatches It is then seen clearly that the umon be- 
tween the egg and the cap does not make a straight line, but is dis- 
tinctly and rather irregularly sutiired, as shown on Plate LXXI, 
Figure 1 However, this suturing has also been observed by Zeller 
(1872) in the eggs of PolyeUnm tntegtmmum, and may be found 
to be common The ovum within the yolk measures 13'“15 and 
the yolk cells measure about 10 m each The cells break down in 
older eggs 


EMBRYOnOOT 

According to Vogel (1929), the intensive woHc of Scbauinsland 
(1880) on the development of the eggs of Bothnocephalidae and D 
latum was so accurate that only in very minor details may improve- 
ment be possible Schauinidand’s findings, which 1 can confirm in the 
mam for eggs of D latum, may be summarized as follows Within 
tJbo egg a single ovum can be observed surrounded by several 
yolk cells, which are easily distinguished m young eggs but whicti 
break down in older eggs The ovum soon divides by mitosis, and 
one of the blastomeres escapes to the surface of the yolk, where it 
divides once or twice more, resulting in a very thm vitelline mem- 
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brane just within the eggshell The nuclei of these cells are thicker 
than the membrane is, and they may thus be seen projectmg into 
the yolk, as illustrated m Plate LXXI, Figure 1 

The remaining blaatomcre also divides twice, re^sultmg in four 
cells, one of which divides later m such a manner that the cells 
which develop from it spread around the three others, which in the 
meantime also divide repeatedly (PI LXXI, Figs 1-2) The latter 
group of cells represents the (ndoderm, the former, the surrounding 
ectoderm Round about this embryo is the yolk material The 
colls of the ectoderm continue to divide, and gradually, because of 
growth and increase m their number, the membrane becomes thicker 
while on its outer surface cilia develop, which first are short but 
become longer (PI LXXI, Fig 3) Tins, then, is the eihated outer 
membrane or ombryophore The inner cell mass becomes the on- 
chosphere the embryo grows, th( yolk decreases, but not all 
of It is ever used up When the egg hatches, a few of the yolk cells 
are sometimcM still intact, although the nuclei have generally broken 
down Occasionally one can also see part of the vitellmc membrane 
remaining within the empty shell (PI LXXI, Fig 4) If we accept 
Schauinsland's interpretation, then the onchosphere and the forms 
which develop from it consist of endoderm and mesoderm only, the 
outside of the onchosphere and, consequently, of the adult worm Is 
endoderm, and through it food from the contents of the mtestine of 
the host IS absorbed The reproductive organs and other inner tis- 
sues must be mesodermal derivatives 

FACTORS INF] USINCING DEVELOPMENT 

Tlie time required for the development of eggs of D UUum ap- 
pears to depend on several factors I succ/eeded in hatching eggs 
in an incubator at 28® C (82 4® F) m six days Vogel (1^29) 
hatched eggs m a week at 26®“28® C In summer at room tempera- 
ture they hatch in ten to twelve days, and in winter m a room heated 
to about 70® F they hatch in twelve to fourteen days Schauins- 
land (1886) and Leuckart (1886) found that several months were 
required and that the hatched coracidia lived about a week From 
my studies of the coracidia (see below) it may be inferred that the 
temperature of the water must have been at about 50® P Schauins- 
land (1886) stated also that in an incubator (temperature not re- 
corded) they hatched m twelve to fourteen days 
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Cold temperaturea as maintained by modern electric refrigera- 
tors almost completely arrest development Dr George II La Rue 
informs me that eggs left with him on July 31, 1931, were kept 
under rcfngi ration until Novimber of 1933, when upon raismg the 
temperature part of them hatched In November of 1934 still others 
were allowed to hat<h,and some still (March, 1935) continue under rt- 
fngeration Evidently at suflRciently cold temperatures above frees- 
mg the eggs do not hatch, hut remain viabh for at least throe and 
one-half years, probably longer All these obson atioub indicate tha€ 
between mmimum and optimum temperatures the tmie required 
for hatching is inversely proportional to the temperature of tht 
water 

That pressure has a shghtly retarding uifiuence, especially on the 
hatchmg, has been claimed by Vogel (1929) After the eggs had 
been transferred from the bottom of a eyluider 5 cm m diameter, 
which contained a column of water 15 cm high, to a very shallow 
dish, they hatched in large numbers eveji in the dark Vogtl be- 
lieves that the pressure of the column of water prevented the hatch- 
mg It appears to me that during development the oxygen supply 
m the bottom of the eylmder was greatly reduced and that llie sub- 
sequent aeration or change of water provided the necessary oxygen, 
which then served as a stimulus to hatchmg He also fmds that 
eggs develop equally well in the dark and m the light, but that eggs 
in the dark do not hatch until brought into the light 

I found that m batching it is immaterial whether eggs are just 
produced or older Eggs were taken from the utenis of a well- 
developed tapeworm, only sixteen days old, which was 108 cm long, 
with a maximum width of 12 5 mm , and also from a ripe segment 
of a much older, well-developed tapeworm More than 90 per cent of 
each lot hatched withm fourteen days Not all tapeworms develop 
equally well, and not all the eggs of imdersised pwirly developed 
tapeworms hatch well Eggs were taken from one such tapeworm 
wMch was 35 days old and measured 25 cm long and 0 ipm 
wide They were treated m exactly the same manner as the first two 
lots All lots were kept together and at the same temperature, but 
after 14 days only 2 per cent had hatched, whereas after 37 days 15 
per cent had hatched At that tune Immature coracK^ arrested in 
their development were observed m an additional 14 per cent of the 
eggs, and the remaining 71 per cent did not begm development 
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E. A Wardle (1935) believes that some eggs fall to hatch be- 
cause they are not fertilised, and that this lack of fertihzation is 
most common in undersised tapeworms from smaller animal hosts 
1 have found that the food of the host is also an important factor 
in the development of D UUuin worms and that by regulation of 
the diet much larger worms can be grown m dogs The diet of the 
host may be one factor in explammg the extremely low hatching 
percentile of eggs obtained from dog feces by Essex and Magath 
(1931) 

These authors also report in the same paper that freezmg as well 
as drying kills the eggs 


CORACIDIA 

Within the normal egg of D laium the coracidium is visible 
about two to four days prior to hatchmg Two days before hatch* 
mg movement becomes noticeable, first m the hooks and later 
occasionally m the body of the onchosphere Withm the egg the 
coracidia of D latum measure 35 to 45 jli They originate near 
the nonoperculated end of the egg, and before hatching move 
to the operculated end The hooks always move out m pairs, only 
one or two pairs at a time, toward the end of a single movement 
the paired hooks separate a httle farther In i4dbtion to the 
coracidium cells of the vitelline membrane and soriie leftover yolk 
granules are visible wi^iin the eggshells The egg of D laiumt with 
a mature coracidium inside, is shown m Plate LXXI, Figure 5 For 
a hatched coracidium see Plate LXXI, Figure 6 

I have not observed natural hatching It is described for D 
UAum by Vogel (1929), who succeeded m taking moving pictures of 
it He states tlmt suddenly the cap burst open without efifort on 
the part of the coracidium, which then was forced mto the open* 
mg by pressure fnmi within the egg, when its own movement caused 
the ultimate emexgenoe Mature coracidia can be forced to hatch 
by api^ying gentle preesure on the cover glass of a mount of eggs. 
Since the caps are much narrower than the coracidia, the latter 
must become as narrow as the cap When part of the coraoidiiun 
protrudes, the coracidium momentarily becomes hourglass-shaped 
and then is bberated The cap on tlw eggs of D Mum is about 
20 ^ in diameter* After hatching it remains attached at one side 
of the egg and opexm up wide 
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Hier© seems to be a defimte correlation between the time re- 
quired for the hatching of the eggs and the length of life of the cora- 
cidia, both being conditioned by the temperature of the water 
Above 70* F the coracidia of D latum live no longer than 48 hours, 
but when separated from eggs and placed m a refrigerator at 48* 
to 52* F , they live seven to nine days The longer the life of the 
coracidia the greater the likelihood of their being eaten by cope- 
pods, northern copepods are probably as abundant dunng the sum- 
mer m northern waters as southern forms m southern waters If 
this statement is true, the possibility of completing their life cycle 
18 greater for coracidia in the cooler waters of the north than in the 
wanner waters of the south The greater longevity of the cora- 
cidia m cold water may be one reason why D latum is primarily 
northern in its distnbution 

The coracidia and the procercoids have been fully described by 
Vogel (1930) 


FIRST INTERMEDIATE HOSTS OF D lATUM 

The first intermediate hosts of the procercoids of D latum in- 
clude the following m Europe Cyclops strenuus, DtapUmus yract^ 
lu, D castor, D vutgans, and D yracilouies, Essex (1927) found 
that m North Amenca D orsgonenns serves as host, Magath and 
Essex, in a paper read in Decmber, 1930, before a joint meetmg of 
the Society of Tropica] Medicine and the Amencan Society of Para- 
sitologists, reported that D s%c%l%s and D sictUndes also serve as 
hosts in the waters of Manitoba 

Infestation expenments with himdreds of thousands of coracidia 
of D latum were performed with 138 specimens of Cyclops ticuspi- 
iaJtus, 45 of C omenconi^s, 14 of C 5reta<ptno8iiS, 12 of C fimknor 
ftti, 11 of C pramnus, 11 of C serrukAus, 10 of C aUndus, 9 of C 
leuckarit, 3 of C dor, 1 of C phaleralus, 31 of Dtapiomus mtnutua, 
and hundreds of other unidentified specimens of Cyclops and Dt 0 j>- 
Umus The copepods readily swallowed the coracidia In the stom- 
ach of one D mtnxUus fourt^n coracidia of D latum were observed 
at one time, but they failed to penetrate Thirty other speoimeqs 
of D mtntdus also fi^ed to become infested, although they ate the 
Coracidia freely In only two of these copepods did one D laium 
onchosphere penetrate into the body cavity The following day the 
pfooeirooids were almoet motionless, and ^ third day a light cyst 
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which had formed from iht stomach wall enclosed and attached the 
motionless procercoids to the stomach They never developed and 
were soon reduced to unrecognizable masses of tissue, which grad- 
ually became smaller 

Fssex (1927) experienced a similar failure in the development of 
the procercoids of D latum in C prasinua and C bremaptnosm 
In the lK)dy cavities of these species a very small percentage of pro- 
cercoids happened to penetrate, but after seven days they had un- 
dergone little development Vogel (1930) found that C strenuua is 
not dc|)ondablc as a host of D UUum procercoids, since one stram 
may be susceptible and another not, one stram failed to become 
infested although he exposed more tlian four hundred of them to 
feeding experiment TDvidently only certain species of Dtapiomus 
are well adapted to strve as hosts of 7) Zo/uw, whereas the species 
of Cydaps can bt regarded only as accidental or abnormal hosts 

BUMMAKY 

The average sizes of the eggs of D latum vary according to 
the state of preservation They vary m different parts of the same 
uterus (an age difference), m different segments of the same worm, 
and with the age of the worm Corresponding segment^ of different 
worms of corresponding ages produce eggs of differeQt4verage sizes 
The average size of the eggs is also partly dependent on the host 
No features of the egg present clmracters for the identification of 
the species 

The embryology of the egg indicates that the outer surface of 
the adult worm Is endodcrmal, the ectodermal cihated outer mem- 
brane is shed 

A far greater percentage of the eggs of well-developed tapewonuB 
hatch than of undersized poorly developed worms 

Between mmimum and optimum temperatures the time required 
for hatching is inversely proportional to the temperature of the water 
At 28® C eggs hatch m six days Near freezing they remain viable 
for at least three and one-half years without hatching The oxygen 
supply is probably also important The age of the egg does not 
infiuence the rate of devdopment 

The length of life of the ooracidium is inversely proportional to 
the temperature of the water It lives from about two days at 70® F 
to nine days at 48®-$2® F Its greater length of Me m colder waters 
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is probably one reason why the broad tapeworm w tommon only 
in temperate and northern regions 

The North American lioete of the procf rcoid, as determined by 
others, are Dtaplomua oregonenatHf D stethSf and D stcthidesj cold- 
water forms of northern distribution The following Hpecies of Cope- 
poda cannot serve os hosts Cychpa hicuspidatuSf C amcncanus, C 
hrevtaptnoauSf C fimbnaiun^ C proMnuB^ C serruZaius, C albidus^ C 
leuckartt, C ater, C phaleratuB^ and Dtaptomua mtnuius 
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EXPLANATION OF PLATE LXXI 

Diphyliobothnum kUam 

Abbreviattona EC, eotodermal oell, £N, entodermal cell, VM, vitelline 
membrane, YC, yolk cell 

The linee near the dgores represent 0 02 mm 

Fioa. 1-2 Segmented egga, ahowutg origin of ectoderm and ^doderm Tianiea 
shrunk away from the egg shell owing to 6xation Modiltod after Sohauins- 
land 

Fio 8 Immature embiyo, showing development of cilia After Sehaulnsland 
Fia 4 Egg just after liberation of the coraeidium 
Fin 5 Egg a few hours before hatching 

Fin 6 Vogel’s figure of the eoracidium by dark field illumination 








LIMNOLOGICAL INVESTIGATION OF A 
STRONGLY BASIC BOG LAKE SUR- 
ROUNDED BY AN EXTENSIVE 
ACID-FORMING BOG MAT* 

PAUL S WELCH 

I N THE paat bogs have received attention from plant ecologists, 
and many of their umque vegetation features are now well under- 
stood, but there has been no definite effort in America to work out the 
limnology of those bodies of open water, sometimes of conspicuous 
sise, which often occupy the central area of the larger bogs or which 
possess bog margins to such an extent that the physical and chemical 
features of the water may be profoundly influenced The Umvcrsity 
of Michigan. Biological Station is surrounded by many unusually 
diversified bog lakes No fewer than two dozen are situated withm 
a radius of a few miles They present conditions which vary from 
the most acid through intergrades to by far the most alkaline water 
of that whole region Since this situation offers such an inviting op- 
portunity, the limnologioal program of the writer has mcluded, for 
many years, investigations of theee umque waters 

Tbis paper is the first of a smes on the general limnological 
features of these bog lakes, others will appear m the near future 
Certain of these papers will deal with mdividual lakes, each of which 
represents a distinct type of bog lake Unfortunately, bog lakes are 
as yet so little known from the limnological standpoint that a 
satisfactory classification of them is still lacking Davis (1907), 
Dachnowaki^tokes (19fi3), Auer (19B3), and others have proposed 
classifications of American peat bo^ and peat deposits, but these are 
pioneering efforts, and the llmnologist finds difllculty m making them 
meet bis needs for a bog lake elassifioation Therefore, m the absence 
of an established set of qiecific and understandable names for the^ 
different types of bog lakes, in this aeries of papers it will be necessary^ 

* Contribution from (ba 3lolo|riQ«l Station and from the Depaitmeni of 
University of Mlobigan This work was aided by a grant from the 
Uzdvstidiy of Mi^dgan Faoul^ ttmeansh Fund. 
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to designate the different types studied by a characterizing title and 
to depend upon detailed description of the lake and its immediate 
surroundings for the proper recognition of such a type 

The writer chooses to define a bog lake as follows an area of open 
water, commonly surrounded, either wholly or m large part, by true 
bog margins, possessmg peat deposits either about the margins or m 
the bottom, or both, usually with a false bottom composed mostly 
of very finely divided, floccuUnt \egetable matter, containing con- 
siderable amounts of colloidal matonals, and usually so constituted 
genetically that at some future time it may become completely oc- 
cupied by thf higher vegetations so characteristic of thos* bogs which 
have lost all open water prewously possesstd 

Owing to differences in degree of development or to certain special 
circumstances, bog lakes do not always possess all these oharactcnstice 
at all times during their history For example, a bog lake may have 
once possessed a narrow, marginal floating mat and accompanymg 
marginal pe^t deiiosita, but failure of the marginal mat to keep pace 
with rapidly falling water level may lead to the complete and per- 
manent separation of water and mat, and result in the subeequwit 
disappearance of the latter Bog lakes are also known m which no 
marginal mat has been formed and in which the peat deposits have 
originated primarily from the remains of the submerged, rooted 
aquatic vegetation within the lake itself Other forms of deviation 
from the typical condition described above may be found, but in 
every instance peat is prese>nt 

One result of these mvestigations has been the discovery of an 
unexpected diversity of physicochemical features in different bog 
waters It should be noted that the water referred to in this paper is, 
unless otherwise specified, the open water of the bog lake proper, 
and not that water contained in the marginal mats This paper 
describes a bog lake, typical m every respect, which contains the most 
alkalme water of the whide generfd region, although the marginal 
conditions are such that an altogether different set of physicochemical 
features would be expected 
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METHODS 

All temperature records were made with NegretU and Zambra 
reversmg thermometers Water samples for the various physical 
and chemical analyses were secured with a modified Kemmerer water 
bottle Color was measured with a standard United States Geo- 
logical Survey set of glass disks Most of the chemical analysts fol- 
lowed the methods outlined m Standard Methods for the Exhrmnahm 
of Water and Sewage (sixth and seventh editions, 1925 and 1933) 
Hydrogcn-ion concentration was determmed by the use of three 
different methods (a) colonmetcre prepared by the LaMotte Chemi- 
cal Products Company, Baltimore, Maryland , (6) Helhgc Standard 
Color Discs Colonraeter, and (c) an electrometric apparatus Suice 
bog waters differ in color and chemical content from other kinds of 
lake waters, samples were often tested by more than one method 
m order to insure the dependability of results Conductivity was 
measured by means of on Kvershed and Vignoles D ionic Water 
Tester Plankton samples, for both ctualitatlve and quantitative 
purposes, were secured by well-known, standard plankton net (No 
20) methods Plankton samples were also secured by the use of a 
Foerst eleotnc centrifuge 

Owing to the peculiar nature of the fioatmg mat margins of many 
bog lakes and to the ease with which the flocculent matenab of the 
false bottom come up into flotation and interfere with tests and sam- 
ples, ordinary rowboats and canoes are not adapted to work of this 
sort A small duckboat of the usual pattern was helpful, but the most 
satisfactory craft was found to be a pneumatic boat which combined 
the advantages of light weight, ease of handling, stability, very small 
depth displacement, and a minimum of surface water disturbance 
wW Inuse 

DBaCKlFTION 

The lake on which this work was done is known as Mud Lake 
It is located in Sections 7 and 8 (largely in the latter) of Inverness 
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Township, Cheboygan County, Michigan An excellent account of 
this lake and its surroundings, particularly the latter, from the 
general standpoint of plant ecology has been published by Goe, 
Enckson, and Woollett (1925) Jewell and Brown (1929) likewise 
described many features of this lake, both botanical and zoological, 
and made a survey of the larger animals occurring both in the lake 
proper and m the water held by the extensive bog mat They 
also made certain physical and chemical analyses of the water 
These accounts, notably that of Goe, Erickson, and Woollett, make 
unnecessary here any description of the botamcal features of the 
immediate surroundings of this lake Their detailed map, especially 
of the sphagnum mat and other botanical features, furnishes an ex- 
cellent picture of the general bioiogicai conditions Jewell and 
Brown also present a map which gives additional mformation, par* 
ticuiarly with respect to certain chemical features These maps 
tell the story in a much more adequate and understandable form 
than any descnption would From them it will be evident to the 
reader that this lake is surrounded by a floating marghigl mat, 
that this mat is narrow m some portions of the perii^ry, very ex- 
tenmve in others, that most of the marginal mat is either of a typical 
Chamaedaphne-Sphagnum type or of the Carex type, and that the 
copious supply of water impounded in the mat is acid in reaction, 
having an acidity as high as pH 3 2 m the Chamaedaphne-Sphagnum 
sections The lake is, then, a umque ntuatum in which the open 
ttnUer {0ie lake tieelf) matfUatne a high afkoltmfy, although margined 
eompldely by a bog mat eupereaiurated unth mier which le acid in 
reaction Herem lies the unusualness of the situation From all ex- 
ternal signs an observer would expect this bog lake to have the same 
acid character as do the innumerable other northern so-called sphag- 
num bog lakes It is the only bog lake of this type which the writer 
has ever seen DoubiJess others do occur, but apparently are rate 
There are other bog lakes in the Douglas Lake region which are 
alkaline m reaction, although not attaining the degree of alkalinity 
of Mud Lake, but they are all bog lakes of a diflerent type, with 
different surroundings and margins So decelvini ki the vegetation 
picture at Mud Lake that it is possible that only by a series of 
chemical tests would another situation of this kind be dis- 
covered 
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MORPHOMETRIC FEATURES 

The following data are taken from a plane-table map made m 1922 
by Professor Frank C Gates, the writer, and helpers This lake 
has been under constant observation smee that time, and the marginal 
changes have been so slight that another map is unnecessary 

Mud Lake has a shore Ime of about 1,350 meters (4,460 feet) 
and an area of about 104,190 square meters (1,121,000 square feet) 
Its maximum length is about 585 meters (1,920 feet), its maximum 
breadth about 266 meters (840 feet), and its mean breadth, 178 
meters (683 feet) Its main axis has a northwest-southeast Erec- 
tion Detennmations of volume are impracticable because of the 
nature and the position of the false bottom 

A small udet enters the southeast end of the lake and a small 
outlet leaves the far northwest end At no tunc during the summer 
season is a current detectable m the inlet, and the outlet seems to 
function only during the spring, when the water level is high, or 
during the summer after an unusually heavy ram It is evidently 
to be olaased as a seepage lake 

One of the conspicuous features of this lake is its extensive false 
bottom, the top of which now lies near the water surface The 
amount of free, open water above the top of the false bottom depends 
upon the season and the amount of rainfall In 1921 falling water 
level resulted m a large area of the false bottom reaching the surface 
at the southeastern end late m the summer During the two suc- 
ceeding summers it was completely submerged At that tune the 
free, clear water above the false bottom vaned m depth from 5 to 
8 centimeters in some places to not more than 1 meter m others 
Since that time there have been variations in the different years, but 
on the average there has been a alow yet defimte rising of the false 
bottom to the surface at the southeastern end of the lake until now 
(1934) It seems to be permanently established above the water 
level and, in fact, certain plants with apparently ndnimal anchorage 
requirements have mvaded this held of tenuous mud and are rapidly 
capturmg it Changing water level alters the position of emergence 
of the mud from the free water, so that the exposed area is greater 
late in the summer Lakeward from this exposed mud area the free, 
open water grades off very gradually to a depth of 0 6*1 0 meter 
(early in the season) near the north and the west shores This 
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area of deeper water is not extensive, so that often a large part of 
the lake area has open, clear water only to a depth of 10^0 cen- 
timeters On October 13, 1933, the writer found no free water 
with a depth greater than 10-20 centimeters, but on May 4, 1934, 
the water level was agam high enough to provide clear water at the 
northwest portion to a depth of 0 0-1 0 meter, and at the south- 
east end the false bottom was again covered with water except in 
a few places Jewell and Brown (1929) observed a depth fluctua- 
tion of the clear water above the false bottom from day to day 
The false bottom appeared nearer the surface after strong win^ 
and on bright, sunny days, but after a few calm, cloudy days it 
settled to a somewhat lower level 

This false bottom is composed of very finely divided, fiocculent 
vegetable matter which, under summer conditions, comes up into 
flotation m the superimposed water with the sligh^t disturbance 
In late autumn, when temperatures of both free water and false 
bottom are much lower, the surface layer of the false bottom seems to 
be more compact and is not so easily brought into suspension The 
surface layer of the false bottom has a grayish earthy color, and lacks 
the well-lmown brown color which is so characteristic of the false bot- 
tom materials of ** sphagnum^* bog lakes Somewhat deeper brown- 
ish matenals occur Not mfrequently the top of the false bottom is 
greenish, owmg to generous growths of Algae This false bottom grad- 
ually stiffens with increasmg depth imtil a gelatinous peat is formed 

In 1922 Jewell and Brown made borings m this lake and found 
that the false-bottom matenals and the deeper, gelatmous peat ex- 
tended to a depth of 2 4-2 7 meters, that below this peat deposit 
and overlying the sand of the original lake bottom is a layer of marl 
varymg from several centimeters to 1 8 meters in depth, depend- 
ing upon the location, and that the greatest depth from the lake 
surface to the bottom of the ongmal lake basin was 6 7 meters and 
the shallowest was about 2 4 meters During the following summer 
Goe, Erickson, and WooUett (1925) made a more extensive senes 
of borings with similar results 

pHTBiOAL nEATuaxa 
Wave AcH&n 

In spite of the fact that this lake is 585 meters long and that 
its long axis paralMs the direction of the prevaiUng wmds In this 
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region, wave action is minimal and commonly absent dunng or- 
dinary summer weather This condition is due to a oombmation of 
several circumstances The lake is surrounded on all sides, except 
on the southeast, by high forested hills A certam forest protection 
occurs also on the southeast side In addition, vertical temperature 
records have shown that the temperature gradient is commonly a 
steep one and that the thermal resistance in the shallow, underlymg 
water is effective m lessening wmd-producod water motion The 
gradually increasing density of the false bottom, even though the 
upper part is very tenuous, constitutes a drag against water move- 
ment Wave action is thus confined mostly to a thin surface layer 
Under the action of the stronger, prevailmg northwest winds there 
is a general drift of surface water toward the southeast end of the 
lake and this, no doubt, accounts for the emergence of the false bot- 
tom above the water surface in that region Under such general 
surface dowage a certam amount of the lighter fiocculent materials 
of the upper surface of the false bottom is gently but gradually 
drifted to that end of the lake, and m the absence of effective sur- 
face disturbance from the opposite direction these substances accu- 
mulate there 

Color 

Except when docculent false-bottom materials are disturbed, the 
water is quite transparent and the inherent color low Though never 
highly colored, it varies m color from time to tune Gorham (un- 
pubh^ed) found that on August 8, 1929, and on August 16, 1930, 
the color was 76 on the platinum-cobalt scale Subsequent records 
made by the writer or his research assistants are as follows Aug 
14, 1931, 28, Aug 18, 1933, 24, Oct 13, 1933, 45, July 23, 1934, 
102, Aug 17, 1934, 61 No explanation of these ffuctuations will 
be attempted here It should be mentioned that this water never 
seems to develop the dilute tea or dilute coffee colors which are so 
characteristic of many of the northern bog lakes 

Thertnal Condtitone 

Owing to shallow depth and position of the underlying false boW 
tom, the water responda more readily to changes m atmospheric 
tethperatures A warm day often causes the water temperature to 
rise 6 or more degrees C al^ve that of the surface water of at^ftcent 
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larger lakes Likewise, a cold night in August has been known to 
cause a drop of 6 or more degrees in temperature below that of 
the same adjacent larger lakes, such as Douglas Lake Never-* 
theless, the extremes of variation are not so great as might be 
expected None of the available records show a summer temper- 
ature above 28 degrees The strikingly variable daily temperatures 
reported from certain European “moors” have not been found in 
this lake 

As might be expected, ice forms on this lake much earlier than on 
the larger ones of the same region The writer has witnessed a tem- 
porary thm ice sheet over the entire lake as early as October 13 
The maccessibilty of the lake has thus far prohibited midwmter ex- 
aminations It IS certam, however, from what is known about the 
wmter conditions on the neighboring larger lakes that the entire 
body of water above the false bottom is froacn sohd for many weeks 
In fact, It seems inevitable that some of the water-saturated upper 
layer of the false bottom must Ukewise frcese It would seem that 
organisms which inhabit the open water must then be forced deeper 
into the false-bottom materials to escape ice capture Whether any 
of them can withstand long freezing in the ice is not known, but 
it seems very unlikely that more than a slight fraction, at most, of 
the biota could survive such an experience 

TurhdUy 

Since this lake maintains a condition of calm most of the tune, 
the water above the false bottom is very clear and turbidity is low 
Turbidity, arising from plankton, is low, since quantitatively the 
plankton is restricted A slight turbidity is due to a small amount 
of very finely divided peaty materials which are essentially non- 
settling Owing to the extreme ease with which matenals from the 
false bottom rise mto suspension in the superimposed, open water, 
a potential high turbidity is present, and actual high turbidity ocouxs 
temporarily when winds become sufficiently violent 

Since both color and turbidity are low, It follows that the shal- 
low, open water is illuminated throughout with intensltieB which are 
reduced but little from that at the surface Therefore, organisms 
occupying this water are eiq> 06 ed to almost a maximum of bf^t 
Those which require protection from sudi intensities have an oppor- 
tunity to retreat mto the suspended upper layer of the false bottom 
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CHEMICAL FEATCUES 
Dissolved Oxygen 

It seems to be commonly thought that bog-lake waters maintain 
little dissolved oxygen This may be an inference tamed over from 
oxygen determinations made on that water which saturates the 
floating mat, since there the water is cither very low m dissolved 
oxygen or actually devoid of it Oxygen content of bog-lake waters 
vanes with the lake and with circumstances, and no generaliza- 
tion can be made Table I gives results of some of the analyses 
of Mud Lake water Nothing can be stated concemmg the oxygen 
content of that underlymg water which saturates the false bottom, 
since there Is no satisfactory method for making an analysis m the 
presence of such quantities of flocculent sediments It seems prob- 
able that the dissolved oxygen content is much reduced there 

It will be noted from Table I that Mud Lake surface water varied 
from 3 1* p p m on certain d&teH to as high as 12 5 p p m on others 
The unusually high records are from Gorham’s work, and his ex- 
planation was that bright sunlight, dead calm weather, and a large 
crop of Algae on the top of the false bottom made it i)ossible for oxy- 
gen evolved through photosynthesis to accumulate Vertical samples 
showed that ordmanly there is no significant oxygen declme m the 
clear water abo^e the false bottom 

Free Carbon Dioxide 

As will be seen In Table I, the free carbon dioxide was alwa3^ 
very limited m amounts or else so small as to be undetectable by 
chemical method employed This result is smaller than might 
be expected since during the summer, at least, large quantities of 
decomposition gases are constantly given off from the false bottom, 
eome part of which is probably carbon dioxide 

Alkalinxty 

In accordance with standard practice, two initial indicators were 
employed, namely* phenolphthalein and methyl orange 

PhsnUphihaUtn — Samples from this lake gave such slight re- 
aethm to j^enolphthalem that the test might almost have been 
omitted Sometimes no reaction was recognisable Titration quan- 
title* never exceeded 0 2 c c and usually were less 
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TABLE I 

CXBTAlir Analtbm 09 Mvo Laki Watbb 

All Mtnploa are takea from 0 to about 40 cm. d«^ Data for 1929 and 1930 are 
mostly from unpublished records of Dr W C Qorham 
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Methyl orange — Table I mdicates the nature of the methyl 
orange alkalinity m parta per milhon of calcium carbonate From 
these values and the information as to the phenolphthalem titrations, 
the calculations for normal carbonate, bicarbonate, and certain 
others can be made by well-known methods These values show 
that in the quantities of carbonates Mud Lake water corresponds 
rather closely with that of Douglas Lake and certam other large 
lakes m the same region Ihis means that there is a much greater 
hardness in this water than would have been expected m a bog lake 
with such surroundmgs and type of bottom In fact, this lake does 
not fall far short of bemg a “hard-wattr lake ” 

Hydrogen-^on Coticentration 

The striking thmg about the hydrogen-ion concentration is that 
dunng the open season it is almost mvanably on the alkalmt side of 
the pH scale, in spite of the fact that the \egetational surroundmgs 
are such as to mdteate an acid lake, and in spite of the fact that the 
water which saturates the floating mat is far on the acid side It wiU 
be noticed from Table I that the pH values may be aa high as 9 4, 
which IS the most basic water, by far, m the whole surrounding region 
The records m the table also show an unusual amount of change in 
the pH durmg certam seasons Why such changes should occur is 
problematical At rather mfrequent intervals the water may become 
temporarily slightly acid These vanations do not appear to have 
any definite seasonal sequence Detailed meteorologiool records are 
kept throughout the summer at the University of Michigan Biological 
Station, which is only about four miles from Mud Lake Examina- 
tions of these records yield no evidence that pH variations are related 
to rainfall, wind disturbance, or any other meteorological circum- 
stances It IS possible that the explanation may ultimately be 
found in the proximity of the false bottom to the surface of the water 
and that on some occasions there may be temporary inequalities of 
hydrogen-ion concentration in different areas over the lake owing to 
banalities of chemical processes and release of chemical products 
from the false bottom However, series of pH determinations were 
mads in the form of transects across the lake and as nearly suhui- 
taneously as possible All of these senes made to date, except one, 
showed a uniformity of pH values The exceptional series manifested 
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some lack of uniformity, although not of such an extent as to lend very 
strong support to the possible explanation mentioned above 

Since the pH of the water pocketed in the penpheral, floating 
mat is so strikingly different from that m the open lake, care was 
always taken to secure samples remote from shore Some attention 
was given to the nature of the pH gradient where the open water 
met the floating mat Almost invariably, during the summer season, 
the gradient was a very steep, short one, often mvolvmg a horizontal 
distance of not more than one meter, sometimes much less Benes 
of samples In the form of transects extending from the edge of the 
mat out into the open lake were made to secure information con- 
cemmg the possible influence of the mat-impounded water upon the 
marginal lake water In only one senes was there evidence of a re- 
duction of the basic reaction in the water withm the ten-meter 
peripheral zone and it was not a \ cry marked difference This anom- 
alous situation m which highly basic water and highly acid water 
maintam their original reactions unchanged to within a meter or less 
of each other is evidently due to the fact that the water m the mat is 
completely pocketed by the Sphagnum and other mat-forming plants 
While the water of lake and mat are, in reality, contmuous, mechan- 
ical mixmg of the tw6 waters is prevented, and diffusion of dissolved 
substances ui immobilized water is exceedingly slow 

The pap^ by Qoe, Erickson, and Woollett (1925) contains a 
set of pH records made by Dr Minna E Jewell on Mud Lake and 
its surrounding bog formations Jewell and Brown (1929) give 
similar records These records were made mostly in 1922 and sup- 
plement the records in Table I for that year 

Ortgtn of Baste Reaction 

Unfortunately, an adequate explanation of the origin of the basic 
reaction of the water of the lake, ^though surrounded by very ex- 
tensive areas of acid-forming mats, is lacking Jewell and Brown 
(1929) concluded that the acidity of the northern Michigan bog iakee 
which they studied ^^is due to organic which are produced in 
the lake margins and earned into the lake by water seeping through 
the aeid-producing strata of the margin Ihe alkalinity of scmie bog 
lakes as compared with the acidity o( others is explained as due to the 
entrance of water without traversing an aoid-produolng part of 
margin" Since these authens basi^ their conclusion oonceming 
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alkaline bog lakes principally upon tkeir studies of Mud Lake, it is 
pertinent at this point to evaluate their conclusion It will be under- 
stood that the following discussion is based wholly upon the Mud 
Lake situation 

Gorham made a study (unpubhshed) of the ongm of the reaction 
in both acid and alkaline bog lakes His results pointed to conclu- 
sions different from those of Jewell and Brown His observations 
and experiments seemed to show that (1) the source of the reaction 
IS the same in all the bog lakes exammed, both alkolme and acid, 
(2) the reaction arises, not directly from the marginal vegetation, 
living or dead, but from decomposmg materials already within the 
lake itself, (3) the bottom debris is the only material having the 
same reaction as the lake water, and (4) the colloidal organic ma- 
terial m the lake water has the same reaction and is derived from 
these bottom deposits 

The writer also finds difficulties in accepting the Jewell and Brown 
explanation as applied to Mud Lake The followmg features should 
be mentioned 

(1) The so-called inlet of Mud Lake at its extreme southeast end 
is essentially no mlet at all Dunng the summer the writer has 
never been able to find m it a detectable current That it may 
represent the remnant of an old inlet is possible, but now it is little 
more than a narrow tongue of the lake extending back mto the bog 
Possibly It may function as a stream to a very slight degree after 
periods of unusually heavy ramfall, but even then the delivery of 
water must be relatively small and very slow However, if It be 
granted, in spite of all appearances to the contrary, that this inlet 
does function in brmging drainage water into the lake, there still 
remains an obstacle As has already been mentioned, the whole 
southeast end of the lake has been filled, for several years at least, 
with the false bottom which is at the surface of the water and which 
is now supporting a conspicuous vegetation of certain plants which 
can occupy such a water-saturated, finely divided mud This great 
mass of emergent false bottom forms what Is, m effect, a great mod 
dam across the mouth of the so-called inlet Without doubt water 
entering from this so-called inlet might seep into and through tiie 
water^turated, emergent mud barrier, but it would be very slow 
and far too meffeciive to provide a source of alkaline water of suffi- 
cient quantity to naointain a lake as large as this one at its present 
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water levels and at its present pH values Furthermore, there is no 
evidence that mcommg surface drainage water would have anything 
like such high basic properties A great many pH determinations 
have been made by the writer and his associates on surface drainage 
streams about Mud Lake, and thus far no such water has been found 
which approaches the high basic condition commonly maintamed 
by Mud Lake water It appears, from these facts, that something 
must be added to the water c^ter t( trUo the lake boetn 

(2) Underground seepage has not been actually demonstrated, but 
since there are no other adequate sources of water supply for the 
lake it seems certainly to occur Smee various mvestigatora have 
reported the fact that there is very httle passage of water through 
peat, it appears that underground seepage, if present m any effective 
way, occurs at a level deeper than the peat deposits However, it 
should be noted that, so far as it is known, the underground water of 
the surrounding region, which manifests itself in numerous springs, 
spring-fed streams, and lakes of other kinds obviously fed m part at 
least by subterranean water, although alkaline m reaction, never 
shows a basic reaction of more than about pH S 0 and often less 
It would seem, then, that an additional contribution of basic-reaction* 
forming materials must be added after the water enters the lakebann 

(3) Gorham performed ultrafiltration tests with various liSg-lake 
waters and demonstrated (a) that, when passed through an ultra* 
filter, such waters lost their basic or acid reaction and became almost 
neutral, (6) that, when the materials retamed by the filter were 
added to neutral distilled water, a reaction was caused which virtually 
reproduced the pH of the original lake water and of the bottom 
sediments, and (c) that, when the materials retained by the ultra- 
filter were dried and then added to carefully distilled water, the 
resulting reaction was approximately that of the original water, 
and that mcmeration of this dried residue proved it to be organic in 
nature From these expenm^ts and others Oorham concluded that 
the reaction of bog-lake waters is due to organic substances in the 
water in colloidal form Heoently this conclusion has been confirmed 
by Cowles and Brambel (1234) !n the past the writer and his asso- 
ciates have made numerous examinations of the underground water 
of the general region in which Mud Lake is located by samplmg from 
^ngs, s|»iiig-fed streams^ and driven wells of various depths, and 
have found such waters always very clear, very low in color, very low 
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in organic colloidal matters, and with a reaction not very far from 
neutrality It thus seems reasonably certain that, whatever may be 
the mflowage of underground water mto Mud Luke, this water ar- 
nvos at the lake basin without those organic colloidal matters which 
give the open lake water its umque reaction Here is still a third 
argument for holding that the reaction-gn mg substances are acquired 
ae the water passes through the bottom sediments 

Since it appears, then, that the basic read ion is dependent upon 
materials already in the lake, the question arises, Whence came 
these substances^ No positive answer can be given at this time, but 
the indications are as follows Bog lakes hll, commonly, by one or 
both of two sets of processes, namely, encroachment of the marginal 
mat and deposits m the bottom from the partly dec ayed remams of 
aquatic vegetation Owing to the position and character of the false 
bottom Mud I^ake now has no submirged, higher aquatic vegetation, 
except a very narrow marginal *one along tlio southwestern shore, 
nor has it had any for a very long time ui the past However, from 
what 18 now known about the morphology of the original basin and 
about the composition of the bottom deposits, it seems certam that 
m its early history Mud lake must have supjiorted a submerged 
vegetation, possibly an abundant one After the great marl deposit 
had been laid down, an enormous mass of peaty materials was formed 
in the lake This can only mean that at least the sources of these 
materials were reasonably ample Likewise, m the hght of the physi- 
ographic make-up of Mud I^ke surroundings, these sources must 
have been (1) the maigmal vegetation, (2) vegetation growing 
in the basin, and (3) minor additions due to mdrainago and to wind- 
blown materials Dunng the evolution of the lake the higher aquatic 
vegetation within it almost disappeared, but its resulting peat re- 
mams The marginal mat, which now surrounds the lake, gives to 
Its own impounded water an acid reaction This mat presents three 
different sections (1) A narrow section extends about the northwest 
end of the lake and for some distance down each side and is composed 
primarily of Carex, another portion of the same kmd of mat occurs 
on the south shore and at the southeast end These two portions 
«e separated by a very short stnp of shore on which bog trees 
(Pieea and Thuja) come almost to the water's edge, and another 
email m^a of shore on which mixed trees (mostly aspens) likewise 
fxtendt dose to the water (2) A wide Chamaedaphne^Sphagnum 
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mat occupies the remamder of the lake margin There is reason for 
believing that the narrow Carex mat is of fairly recent ongm, that 
the lake probably existed for a very long tune without a mat along 
about three fourths of its shore, and that the succeeding condi*- 
tions leading to peat formation about most of the shore were very 
different from those which now prevail Gorham claimed that the 
major portion of the bottom material [m Mud Lake] is of sedge, 
bog forest, and sedimentary origin, " materials which are said to 
produce peats with basic reaction He also recognised the possi- 
bihty that the restricted mdrainsigo may have brought mto the lake 
some mineral salts which augmented the basic condition Vanous 
investigators of the chemistry of peat claim that the chemical com- 
position of any layer in a peat profile depends (1) upon the nature 
and the chemical composition of the vegetation from which the layer 
ongmated, and (2) upon the conditions under which its decompo- 
sition has occurred, and that this chemical composition of the peat 
is mdependent of the region, the topography, and the history of 
the bog In the light of the circumstances desenbed above and the 
results of work done on other types of bog lakes to be described in 
later papers, the writer is disposed to favor Gorham^s mterpretation, 
namely, that a part of the now-existmg enormous mass of bottom 
peat m Mud L^e came, in times past, from marn^Mk^^materials, 
different from those now developing, which produced basic condi- 
tions, and that the resultmg peats continue to give off basic sub- 
stances to the incoming water in quantities sufficient not only to 
maintain the present high basic reaction but also to offset any 
possible inseepage of acid water from the now-existing peripheral 
mats The writer would add one modifying postulation to Gorham’s 
theory, namely, that possibly preexisting crops of submerged vege- 
tation may have contributed substantially to the basic-producing 
bottom peat It is known that, when the typical submerged vega- 
tationa of northern Michigan lakes undergo partial decay under 
conditions which lead to peat formation, the peaty materials which 
they produce seem to be of the basic sort 

It seems necessary, m the light of all information available at 
this time, to conclude that (I) the conspicuous baste reaction of 
Mud Lidce water is due to the peat depodte already within the lake 
basin, (2) these immense depc^ts must have come originally from 
contributtons from the onshore bog forests, the marginal (mat ?} 
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vegetation, the prefixteting vegetation withm the lake itself, and 
minor quantities from outside sources, and (3) such acid-producing 
subetanoes as may make their way into the lake from the Chomac- 
daphne-Sphagnum and the Carex mats have as yet no detectable 
effect 

Iron 

The writer has made no determinations of iron in Mud Lake 
waters Gorham made quantitative analyses of both ferrous and 
feme iron in 1930 His ten determmations, distributed over the 
open season from May 10 to September 22, showed quantities so very 
low (0 25'1 5 p p m total iron) that it scarcely seems hkely that it 
can have a limiting influence upon the plankton owing to a toxic 
action, as has been claimed for some European bog waters 

Conducitmiy 

Table I mcludes a representative set of conductivity records 
from Mud Lake water It is not possible at this time to explain the 
variations manifested When compared with conductivity tests on 
other bog lakes in the Douglas Lake region, the Mud Lake values 
are about intermediate between the extremes found 

BlOLOOICaXi FBIATUKES 

Biologically a true bog lake differs m many respects from other 
types of lakes, these differences relatmg to both their plant and their 
ommal populations This statement is outstandingly true of Mud 
Lake 

VegeUUton 

Fortunately the principal vegetation features of this lake, as well 
as those of the surrounding bog margins, have been well treated by 
Goe, Erickson, and WooUett (1925) and need not be discussed here 
Also, certain facts have been presented by Jewell and Brown (1929) 
Interested readers should refer to these papers, particularly the 
former, for detadod information 

PlanHon 

In Uiia Investigation special attention has been given to the 
pUuifcton. Data upon which this section is based were mostly ac- 
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cumulated durmg the summers of 1932, 1033, and 1934 A few 
additional records have been made at seasons other than midsum- 
mer, and some scattenng records are for summers earlier than those 
mentioned above Almost no winter data are available, since this 
lake 18 inaccessible at that time of year 

Qualitaitve Plankton Records 

Owing to the nature of the overgrowing marginal mat, the prox- 
imity of the false bottom to the surface, and certain other pecuhar 
circumstances, it was necessary to try to distinguish between the 
true planktera and those other microorganisms which may be taken 
in plankton collections, such as those originating from the bottom 
To avoid the mclusion of marginal forms, collections were always 
made well out m the open water They were also made m such a way 
as to cause as little disturbance m the water as possible, since floccu- 
lent materials from the false bottom are notorious for the ease with 
which th(y come up into flotation in the overlying water These 
flocculent materials, when present, not only cause diflBculty in the 
collection and the examination of samples, but also may be the 
earners of microorgamsms of certain kuids which are not true 
plankters In spite of these precautions it is likely that some mixture 
of true plankters, marginal forms, and bottom forms was unavoid- 
able Since the microbrgamsms of the false bottoms of these bog 
lakes have never been studied, it is not possible, at the present time, 
to recognise those organisms whene\er they occur m plankton col- 
lections Therefore, it is admitted at the outset that the list of 
organisms here designated as plankters may later be found to 
contain some margmal and bottom forms 

The records here mcluded are mostly from collections made with 
a standard, number 20 silk plankton net A few collections have 
been made by means of the electric plankton centrifuge, but much 
less attention has been given to the minute nannoplankton Not 
only will much more work be required to make known the character 
of the nannoplankton, but the difiltulties and the mcompleteness of 
taxonomic knowledge of these nannoplankton organisms make a 
qualitative study dmost impracticable at the present time 
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LIST OF PLANKTERS FROM MUD LAKE 
PHYTOPLANKTON > 

MYXOPHYCEAE BACILLAKIEAB 

Chroocoocales 


Chtooeoecauae 

Aphanotheoe microBoopica N&g (?) 
Aphanotheoe nidulans Richter 
Aphanotbece stagmna (Sprengor) 

A Braun 

Cbroooooous giganteua W Weat 
Cbrooooccua Umneticus Lemm 
CbroocoocuB tur^dus (KQU ) Kftg 
CoeloBphaenum dublum Grunow 
Coeloflpbaerlum naegftlianum Un- 
ger (?) 

Menamopedia elegans A Braun 
Mierooy^la aerugmoaa Kiii% 
Microcyatia 0o»-aquea© (Wittr ) 
Kirchner 

Mierooystia ichtbyoblade KUU 
Mlcrooyatia marginata (Menegb ) 
KUtz 

Hormogonealet 

OsciUotonoceoc 
Lyngbya Birgei O M Bmith 
OaciUatona sp 
Spirullna maior KOtt 

Si%gon«m(MaiC«ae 

Siigonemabormoidea(Kdtz }Bomet 
and Flab (?) 

HETEKOKONTAE 

Heterococoales 

B<^ri/oct>ceacM4 
Botryoeocoua braumi KOta 
Botryoeoooua audeticua Lomm 


Pennales 

Tabellancui&te 
Tabellana f^jneatrata Ktitz 
Tabellana flwculoan (Roth) KUtz 

Fragtlartaceae 
i ragilana sp 

Fragilana crot^nensus Kjtton 
Synod ra Bp 

Notncidaceae 
Naviciila Bp 

OompkoneincUaceae 
Gomphonoma ap 

Cymb^Uaceae 
Amphora sp 

CHI OROPHYCEAE 
Tetrasporalea 

Tftnuportiecae 
Tetraapora ap 

Tetraapora gelatmoaa (Vauoh 1 De«- 
vauK 

Oedogonlalea 

Oedogomaoeae 
Bulbochaete ap 
Oodogonium sp 

Chlorococcalea 

Hydrodidyticeae 

Pediaafrum areneoaum Raciboraki 
Pediostrum du|>tex Meyen 
Soraatrum bldentatum Reinaofau 

OocyatocAM 


CHRYOSOPHYCEAB 
CbryaomottadaJea 

OchtomonadacMi 
XHnobryon ap 

* ClawificatioD of the Algae according to Smith (1038) 


Ohlorella vulgaris Bayermok 
Dictyoaphaenum puIcheUuin Wood 
Dimorphococcua lunatua A Braun 



746 


PatdS Welch 


8cmede»fnacea$ 
ScenedettmuA sp 

Scenedeamufl bijiusa (Turp ) I>agerh 
ScenedefmuB quadricauda (Turp ) 
Br6b 

Zygnematalee 

S^yffnemaUtceas 
Mougeotla sp 
Splrogyra sp 

l>«9mtdaGeae 

Cloaterium parvuUun N4g 
Coaotnariuxn BotrytU Menegh 
Qymnoayga monUiformi§ Ehrenb 
Hyalotbeca dlstlUena (Sm ) Brdb 


MiGfMterUus crux^melite&sia 
(Khr^b ) HaM 

Miorastenaa rotata (Qrev ) Ralfa 
Staurasirum ap 

Stauraatrum branohiaturo Haifa 
Btaurastnim gracile Haifa 
Stauraatrum pachyrhynchum Nordat 

»mOPHTCEA» 

DtnopAyeeoa 

Caratium hirundmella O F MtiUer 

EUOLENOPHYCEAB 

Euglenalea 

SugUnaceae 

Euglena sp 


ZOOPLANKTON 


PROTOZOA 

Areella vulgaris Ehrenb 
Centropyxia aculeata Stem 
CTolepa octoapinus Noland 
Difliugla pyHfonnii Perty 
Epistylls sp 
Stentor ap 

Urceolua oycloatomua (Stein) 

VorticeUa Bp 

ROnPERA* 

CoUotbeoa mutabilis (Hudaon) 
Colurella deflexa (Ehmb ) 

O)nochdus unioomU Rouaselet 
Keratella ap 

Keratetla ooehlearia (Qoaae) 
Lecaneluna(0 F Mttller) 
tepadella acuminata (Ehrenb ) 
Lepadella triptera EUiienb 
Monostyla ap 

Monoatyla crenata Barring 
Monostyla lunaris (Ehrenb ) 

Mytilma ap 

MyiUitia muoronata sptnigera 
(Ehrenb ) 

MytiUna ventralls brevlsplna (Ehrenb ) 
Nothoica longispina (Xelliooti) 
NotommaU Bp4 


Philodma roseola Ehrenb 
Polyarthra tngla Ehrenb 
Rotana tardigrada (Ehrenb ) 
Trichocera sp 

Trlchocera cylindrica (Imhof) 
Trichocera lata (Jennings) 

Trichotria tetractia (Ehrenb ) 

CLADOCERA 

Alonella sp 

Bosmina longiroetris (O F MUUor) 
Bosmina lon^spina Leydig 
Ceriodaphnia sp 

Chydorus sphaerious (O F MttUer) 
Dtaphanosoma bracbyurum leuchten- 
bergianum Fischer 

COPEPODA 

Cyclops sp 

Diaptomus sp 

Diaptomua leptopua Forbes 

INBECTA 

Corathra sp 

OASTROTRICBA 
Cbaetonotus stmilis Zelinka 


Nomendature according to Hairing (1918) 
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An analysis of this list of plankters yields the following features 
(a) a larger number of species than statements m previous literature 
would lead one to expect m bog lakes, (6) many genera as compared 
with the number of species, (c) a preponderance of phytoplankters, 
(d) the very small number of diatoms and copepods, and (e) the gen- 
erous and diversified representation of rotifers 

Quaniitattve Records 

Owing to the fact that Gorham made an extensive scries of 
quantitative studies, by the statistical method, of the net plankton 
of Mud Lake during the summer of 1930, the writer confined hia 
attention to other features of the work The following table (Table 
II) contains data selected from more detailed work of Gorham and 
will suflSco to show m a general way the character of the plankton 
production 


TABLE H 

Qxjajjtitative CocNas or Nbt Plahktok Coi«t«s:cTBi> vmu 
Mud Lakb, 1930 


All values represent the number of organieme per liter of lake water All data 
by W 0 Gorham (unpubliBked) 


Pate 

Total phyt^H 
plankton 

Total too* 
plankton 

Total of all 
plankton 

June 18 

120 

430 

580 

July 3 

220 

710 

930 

July 17 

170 

130 

300 

Aug J 

250 

80 

310 

Aiig 7 

190 

40 

230 

Aug 18 

70 

40 

130 

Aug 20 

880 

10 

890 

Sept 0 

no 1 

30 

140 

Sept 19 

30 

10 

40 

Sept 28 

480 

20 1 

500 


Certam features of plankton production appear m this table 
(a) The plankton production as a whole is very low, (6) There is a fall- 
of production as the summer pre^esses, with an apparent 
l^rease in late September^ (c) In early summer the sooplankton 
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exceeds the phytoplankton^ but during the remainder of the summer 
and m the early autumn the phytoplankton predominates 

Gorham found that among the phytoplankton, Mtcrocyttlta aeru- 
ginosa was numerically dominant at all dates when counts were 
made Among the zooplankton the rotifer population varied greatly 
on different dates, and Keratella cockkans on one occasion (July 3) 
rose to 650 per liter and composed approximately two thirds of the 
total net plankton, although dunng the remainder of the summer it 
occurred m only very small numbers 

MACBO-FAUNAI FEATURES 

Bottom Fauna 

This type of lake la umque m virtually lacking a true bottom 
fauna Tlie nature of the false bottom is such as to preclude any 
bottom dwellers which are so commonly found m other kinds of 
lakes With the possible exception of cortam microscopic and semi' 
microscopic forms which may occur in the uppermost stratum of 
the false bottom, there is no true benthos Likewise, owing to the 
peculiar nature of tiie overgrowing marginal bog mat, this absence of 
bottom fauna extends, in most places, completely to the periphery 
of the open water This lake is, then, a striking instance of a body 
of water practically devoid of one of the most influential features m 
biological productivity, namely, the bottom fauna In this lake 
productivity depends almost whoUy upon the open water, the 
lumted marginal relations, and possibly to some extent upon those 
microscopic and semumcroscopic animals and algae which can 
inhabit the surface of tenuous false bottom 

Marginal Fauna 

The edge of the floating bog mat offers support and retreat for 
oertam animals The same is true of the extremely narrow vegetation 
zone on part of the south shore, of the partly submerged trees along 
ahore, and of the few stray islands of water hlies which now are get^ 
tmg established m some portions of the open lake Jewell and Brown 
(1929) made a rather extensive survey of the fauna of this lake and 
listed a considerable number of ammals, most of which are marginal 
forms Subsequent examinations by tlie wnter agree closely with 
the findings of Jeweii and Brown 
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Open-Water Fauna 

In addition to the zooplankton which has already been discussed, 
the open-water fauna consists almost wholly of certain fishes Jewell 
and Brown (1929) record five species from this lake, namely, red- 
bellied dace, Chroaomua erythrogaater, bronze minnow, Pfnlle neo- 
gaeOf blackhead minnow, Ptmephales promelas, mud minnow. 
Umbra hmt, and the brook stickleback, Eucaha tneonstans Of 
these, only the first three were taken m the oi)cn water, the last two 
occurring only in the inlet and the outlet Subsequent examinations 
have made no additions to this list The rcd-belhed dace was by 
far the most abundant of the fishes 

Productivity 

Leeches, sponges, and a few other animals seem to be regularly 
quite abundant, but in general the production of the macroscopic 
animals is very low Appartntly, most species occurring in this 
lake manage to do little more than hold their own Tlie absence of a 
true bottom fauna and the exceedingly scant aquatic vegetation 
are in themselves sufficient to reduce animal population to a low 
state 

Dynamics of Lake 

This lake has now reached the stage in which bottom encroach- 
ment IS outrunning the marginal encroachment, and it seems certam 
that the remaining part of its history will be that of iMtom capture 
Some further encroachment of the mat will, of course, occur, but its 
part will probably be insignificant In fact, as already mentioned, 
the bottom has reached the top over a considerable area at the 
southeast end of the lake and shows an increasmg sohdification and 
an overgrowth of certam plants So rapidly does this bottom cap- 
ture seem to be occurnng at the southeast end that the next decade 
will probably bring about a still further substantial loss of the open 
water 

SUMMART 

1 Mud Lake, Cheboygan County, Michigan, is a type of bog 
lake which is unique in being surrounded by a typical overgrowing, 
acid-forming bog mat, but the water of the open lake is unusually 
basic 
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2 Much filling of the basin has occurred in the past, and the 
false bottom is now very near the surface 

3 The peculiar conditions of temperature, color, turbidity, dis- 
solved gases, alkalimty, hydrogen-ion concentration, iron content, 
and electrolytes are discussed in some detail 

4 Evidence is presented which indicates that (a) the conspicuous 
basic reaction of Mud Lake water is due to the deposits already 
within the lake basm, (6) these immense deposits must have come 
ongmally from contributions from the onshore bog forests, the 
marginal vegetation, the preexisting vegetation withm the lake itself, 
and mmor quantities from outside sources, and (c) such acid-forming 
substances as may make their way into the lake from the present 
acid mat seem to have no significant effect 

6 Special attention has been given to the plankton, and a list 
of about one hundred species is included This list shows (a) a 
larger number of species than previous literature indicates for bog 
lakes, (6) many genera as compared with the number of species, 
(c) a preponderance of phytoplankton, (d) the very small nutiaber of 
diatoms and copepods, and (s) the generous and diversified represen- 
tation of rotifewu 1 1 

6 Quantitative measurements mdicate that (a) The plislsitton pro- 
duction is as a whole very low, (6) There is a fallmg-off of production 
as the summer progresses, with an apparent increase in late Septem- 
ber, and (c) In early summer the zooplankton exceeds the phyto- 
plankton, but durmg the remainder of the summer and m the early 
autumn the phytoplankton predominates 

7 This lake is unique in the almost total absence of a bottom 
fauna 

$ The maiginal fauna is a very limited one and is restricted to 
an exceedingly narrow zone 

9 With the exception of certam ubiquitous aquatic insects, the 
open-water fauna consists almost exclusively of three species of 
fish 

10 Biological productivity, for the lake as a whole, is very re- 
stneted 


XJNiysmamr or Micbxoan 
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